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Purpose

The purpose of this directive is to transmit the Risk
Assessment Guidance for Superfund (RAGS), Human Health Evaluation
Manual, Part B: "Development of Risk-based Preliminary
Remediation Goals"™ to be used in the remedial investigation and
feasibility study (RI/FS) process. This gquidance supplements the
Human Health Evaluation Manual, Part A~-Baseline Risk Assessment
and Part C--Risk Evaluation of Remedial Alternatives.

’
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As a first step in the FS, section 300.430(e) of the
National 0il1 and Hazardous Substances Pollution Contingency Plan
(NCP) calls for the development of remedial action objectives and
preliminary remediation goals (PRGs). As part of the revision to
the 1986 Suparfund Public Health Evaluation Manual, a workgroup
was formed to define the role of risk assessment in setting PRGs.
The interim guidance distributed today incorporates numerous
comments received over the last two years from Regional and
Headquarters management on the role of risk and ARARs in the goal
setting process.
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The process outlined in this guidance will aid RPMs, site
engineers and risk assessors in developing PRGs that satisfy the
"threshold criteria" of the NCP: protection of human health and
the environment, and compliance with ARARs. These goals are
typically formulated during the initial stages of the RI/FS to
focus the development of remedial alternatives on technologies
that may achieve appropriate target levels, thereby limiting the
number of alternatives analyzed and streamlining the process. &as
this guidance advocates the use of health-based ARARs as PRGs, it
should be used in conjunction with the "CERCLA Compliance with

ther Laws Manual"” and the "ARARsS Q’s and A’s" fact sheet series.

The Regional Risk Management Workgroup is addressing severezl
issues regarding the role of ARARs and cumulative site risk in
the goal-setting process that are considered outside the scope of
this risk assessment guidance. Supplemental guidance will be
developed as these risk management issues are successfully
resolved.
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This document is being distributed as interim guicdance
pending review of the RAGS series by the Science Advisory Board
(SAB). It is our intention to begin updating and consolidating
the series in FY $2. At that time, we will incorporate SAB’s
comments and the results of ongoing, EPA-sponscred research
projects. We also strongly urge RPMs and Regional risk assessors
to contact the Toxics Integration Branch of the Office of
Emergency and Remedial Resvonse (FTS 260-5486) with any
suggestions for further improvement.

Attachment

cc: Regional Branch Chiefs
Regional Section Chiefs
Regional Toxics Integration Coordinators
Workgroup Members
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NOTICE

The policies set out in this document are intended solelv as guidance: thev are not final U.S.
Environmental Protection Agency (EPA) acuions. These policies are not intended. nor can they be relied
upon. to create any rights enforceable by any party in litigation with the United States. EPA officials may
decide 1o follow the guidance provided in this document, Or 10 act at variance with the guidance, based on an
analysis of specific site circumstances. The Agency also reserves the right to change this guidance at any ume
without public notice.

This guidance is based on policies in the Final Rule of the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP), which was published on March 8, 1990 (35 Federal Regisier $666). The
NCP should be considered the authoritative source.
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DEFINITIONS

Term

Definition

Applicable or Relevant and
Appropriate Requirements
(ARARS)

Cancer Risk

Conceptuai Site Model

Exposure Parameters

Exposure Pathway

Exposure Point

Exposure Route

Final Remediation Levels

"Applicable” requirements are those clean-up standards, standards
of control. and other substantive environmental protecuon
requirements, criteria, or limitations promulgated under federal or
state law that specifically address a hazardous substance, poilutant,
contaminant. remedial action. location, or other circumstance at a
Comprehensive Environmental Response, Compensation. and
Liability Act (CERCLA) site.  "Relevant and appropnate”
requirements are those clean-up standards which, while not
"applicable” at a CERCLA site, address problems or situations
sufficiently similar to those encountered at the CERCLA site that
their use is well-suited to the particular site. ARARSs can be acuon-
specific, location-specific, or chemical-specific.

Incremental probability of an individual’s developing cancer over a
lifetime as a result of exposure 1o a potential carcinogen.

A *model” of a site developed at scoping using readily available
information. Used to identify all potential or suspected sources of
contamination, types and concentrations of contaminants detected
at the site, potentially contaminated media, and potential exposure
pathways, including receptors. This model is also known as
“conceptual evaluation model”.

Variables used in the calculaton of intake (e.g., exposure duration,
inhalation rate, average bodyv weight).

The course a chemical or physical agent takes from a source to an
exposed organism. An exposure pathwav describes a umgue
mechanism by which an individual or population is exposed to
chemicals or physical agents at or onginating from a site. Each
exposure pathway includes a source or release from a source, an
exposure point, and an exposure route. If the exposure point differs
from the source, a transport/exposure medium (e.g.. air) or med
(in cases of intermedia transfer) also would be indicated.

A location of potential contact between an organism and a chemical
or physical agent.

The way a chemical or physical agent comes in contact with an
organism (i.e., by ingestion, inhalation, dermal contact).

Chemical-specific clean-up levels that are documented in the
Record of Decision (ROD). They may differ from preliminan
remediation goals (PRGs) because of modifications resulting from
consideration of various uncertainties, technical and exposure
factors, as well as all nine selection-of-remedy criteria outlined in
the National Oil and Hazardous Substances Pollution Contingency
Plan (NCP).
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DEFINITIONS (Continued)

-

Term

Definition

Hazard [ndex (HI)

Hazard Quotient (HQ)

"Limiting” Chemical(s)

Preliminary Remediation Goals
(PRGs)

Quantitation Limit (QL)

Reference Dose (RfD)

Risk-based PRGs

Slope Factor (SF)

Target Risk

The sum of two or more hazard quotients for multiple substances
and/or multipie exposure pathways.

The ratio of a single substance exposure leve] over a specified time
period 1o a reference dose for that substance derived from a similar
exposure period.

Chemical(s) that are the last 1o be removed (or treated) from a
medium by a given technology. In theory, the cumulative residual
risk for a medium may approximately equal the risk associated with
the limiting chemical(s).

Initial clean-up goals that (1) are protective of human health and
the environment and (2) comply with ARARs. They are developed
early in the process based on readily available information and are
modified to reflect results of the baseline risk assessment. They
also are used during analysis of remedial alternatives in the
remedial investigation/feasibility study (RI/FS).

The lowest level at which a chemical can be accurately and
reproducibly quantitated. Usually equal to the method detection
limit multiplied by a factor of three to five, but varies for different
chemicals and different samples.

The Agency's preferred toxicity value for evaluating potential
noncarcinogenic effects in humans resulting from contaminant
exposures at CERCLA sites. (See RAGS/HHEM Part A for a
discussion of different kinds of reference doses and reference
concentrations.)

Concentration levels set at scoping for individual chemicals that
correspond 10 a specific cancer risk level of 10° or an HQ/HI of 1.
They are generally selected when ARARs are not available.

A plausible upper-bound estimate of the probability of a response
per unit intake of a chemical over a lifetime. The slope factor is
used 10 estimate an upper-bound probability of an individual's
developing cancer as a result of a lifeume of exposure to a
particular level of a potential carcinogen.

A value that is combined with exposure and toxicity information to
calculate a risk-based concentration (e.g., PRG). For carcinogenic
effects, the target risk is a cancer risk of 10°. For noncarcinogenic
effects, the target risk is a hazard quotient of 1.
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ACRONYMS/ABBREVIATIONS

Acronvm/
Abbrewiation Definition
ARARs Applicable or Relevant and Appropriate Requirements
CAA Clean Air Act
CERCLA Comprehensive Environmental Response. Compensation, and Liabihty Act
CFR Code of Federa} Regulations
Cwa Clean Water Act
EAG Exposure Assessment Group
ECAOQO Environmental Criteria and Assessment Office
Superfund Health Risk Technical Support Center
EF Exposure Frequency
EPA U.S. Environmental Protection Agency
FWQC Federal Water Quality Criteria
HEAST Health Effects Assessment Summary Tables
HHEM Human Health Evaluation Manual
HI Hazard Index
HQ Hazard Quotient
HRS Hazard Ranking System
IRIS Integrated Risk Information Svstem
LLW Low-level Radioactive Waste
MCL Maximum Contaminant Level
MCLG Maximum Contaminant Levei Goal
NCP ' National Oil and Hazardous Substances Pollution Contingency Plan
NPL National Priorities List
OSWER Office of Solid Waste and Emergency Response
OERR Office of Emergency and Remedial Response




ACRONYMS/ABBREVIATIONS (Continued)

Acronyms/

Abbreviation Definition
PASSI Preliminary AssessmenuSite Inspection
PEF Panticulate Emission Factor
PRG Preliminary Remediation Goal
RAGS Risk Assessment Guidance ior Superfund
RCRA Resource Conservation and Recovery Act
RfC Reference Concentration
RfD Reference Dose
RLIFS Remedial Investigation/Feasibility Study
RME ’ Reasonable Maximum Exposure
ROD Record of Decision
RPM Remedial Project Manager
SARA Superfund Amendments and Reauthorization Act
SDWA Safe Drninking Water Aa
SF Slope Factor
TR Target Risk
VF Volatilization Factor
WQS State Water Quality Standards
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PREFACE

Risk Assessment Guidance jor Superjung: Volume | — Humarn Heaith Evaiuator Manuai
(RAGS/HHEM) Part B is one of a three-part series. Part A addresses the baseline risk assessment; Part C
addresses human health risk evaluations of remedial aliernatives. Part B provides guicance on using U.S.
Environmental Proteciion Agency (EPA) toxicity values and exposure information to derive risk-based
preliminary remedial goals (PRGs) for a Comprehensive Environmenial Response, Compensation, and
Liability Act (CERCLA)site. Initially developed at the scoping phase using readily available information. risk-
based PRGs generally are modified based on site-specific data gathered during the remedial
investigation/feasibility study (RI/FS). This guidance does not discuss the risk management decisions that are
necessary at a CERCLA site (e.g., selection of final remediation goals). The potential users of Part B are
those involved in the remedy selection and implementation process, including risk assessors. risk assessment
reviewers, remedial project managers, and other decision-makers.

This manual is being distributed as an interim document to allow for a period of field testing and
review. RAGS/HHEM will be revised in the future, and Parts A, B, and C will be incorporated into a singie
final guidance document. Additional information for specific subject areas is being developed for inclusion
in a later revision. These areas include:

development of goais for additional land uses and exposure pathways;
development of short-term goals;

additional worker health and safety issues; and

determination of final remediation goals (and attainment).

* ¢ @

Comments addressing usefulness, changes, and additional areas where guidance 1s needed shouid be
sent to:

U.S. Environmental Protection Agency
Toxics Integrauorn Branch (OS-230)

Office of Emergency and Remedial Response
401 M Street, SW

Washington, DC 20460

Telephone: 202-260-9436
FAX: 202-260-6852
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CHAPTER 1
INTRODUCTION

The purpose of this guidance is 10 assist risk
assessors, remedial project managers (RPMs}, and
others involved with risk assessment and decision-

making at Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA) sites in developing preliminary

remediation goals (PRGs). This guidance is the
second part (Part B} in the series Risk Assessment
Guidance for Supertund: Volume I — Human
Health: Evaluation Manual (RAGS/HHEM).

Part A of this series (EPA 1989d) assists in
defining and completing a site-specific baseline risk
assessment; much of the information in Part A is
necessarv background for Part B. Part B provides
guidance on using U.S. Environmential Protection
Agency (EPA) toxicity values and exposure
information 1o derive risk-based PRGs. Initially
developed at the scoping phase using readily
available information, risk-based PRGs generally
arc modified based on site-specific data gathered
during the remedial investigation/feasibility study
(RI/FS). Part C of this series (EPA 1991d) assists
RPMs. site engineers, risk assessors, and others in
using risk information both 1o evaluate remedial
alternatives during the FS and to evaluate the
selected remedial alternative during and after its
implementation. Exhibit 1-1 illustrates how the
three parts of RAGS/HHEM are all used during
the RL'FS and other stages of the site remediation
process.

The remainder of this introduction addresses
the definition of PRGs, the scope of Part B, the
statutes, regulations, and guidance relevant 1o
PRGs, steps in identifving and modifying PRGs,
the communication and documentation of PRGs,
and the organization of the remainder of this
document.

1.1  DEFINITION OF
PRELIMINARY

REMEDIATION GOALS

In general. PRGs provide remedial design staff
with long-term targets 10 use during analysis and

selection of remedial alternatives.
goals. if achieved, should both comply with
applicable or relevant and appropriate
requirements (ARARS) and result in residual risks
that fully satisfv the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP,
requirements for the protection of human health
and the environment. By developing PRGs early
in the decision-making process (before the RI/FS
and the baseline risk assessment are completed).
design staf{ may be able to streamline the
consideration of remedial aliernatives.

Ideally. such

Chemical-specific -PRGs are concentration
goals for individual chemicals for specific medium
and land use combinations at CERCLA sites.
There are two general sources of chemical-specific
PRGs: (1) concentrations based on ARARs and
(2) concentrations based on risk assessment
ARARs include concentration limits set by other
environmentalregulations (e.g., nOn-zZero maximurm
contaminant level goals [MCLGs] set under the
Safe Drinking Water Act [SDWAJ). The seconc
source for PRGs, and the focus of this document,
1s risk assessment or risk-based calculations that
set concentration limits using carcinogenic and/or
noncarcinogenic toxicity values under specific
exposure conditions.

1.2 SCOPE OF PART B

The recommended approach for developing
remediation goals is to identify PRGs at scoping.
modify them as needed at the end of the Rl or
during the FS based on site-specific information
from the baseline risk assessment, and ultimatejv
select remediation levels in the Record of Decision
(ROD). In order to set chemical-specific PRGs in
a site-specific context, however, assessors must
answer fundamenial guestions about the site.
Information on the chemicals that are present
onsite, the speciic contaminated media. lang-usc
assumptions. and the exposure assumptions behind
pathwavs of individual exposure is pecessarv in
order to develop chemical-specific PRGs. Part B
provides guidance for considering this information
in developing chemical-specific PRGs.




EXHIBIT 1-1

RELATIONSHIP OF THE HUMAN HEALTH EVALUATION
TO THE CERCLA PROCESS

CERCLA REMEDIAL PROCESS

.
! Remedial
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HUMAN HEALTH EVALUATION MANUAL
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Baseline Risk A sscssment

D;vc_lo;m:m of Risk-based

PART B
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Because Part B focuses  on  developine
chemical-specific PRGs based on protection of
human heaith. there are important types of
informatuon that are not considered and that may
significantly influence the concentration goals
needed to sausfv the CERCLA critena for
selection of a remedy. For example, no
consideration is given 10 ecological effects in this
guidance. Other tvpes of remedial action "goals”
not addressed in detail include acuion-specific
ARARS (e.g., technology- or performance-based
standards) and location-specific ARARS.

Throughout Part B. the term “chemical-
specific” should be undersiood to refer 10 both
nonradioactive and radioactive chemical hazardous
substances, pollutants, or contaminants. Therefore.
the process described in this guidance of selecting
and modifying PRGs at a site should be applied to
each radionuchide of potential concern.
Chapter 10 of RAGS/HHEM Part A provides
background information concerning radiopuclides,
and Chapter 4 of RAGS/HHEM Parnt B includes
radionuclide risk-based equations and a case study
of a hypothetical radiation site.

This euidance onlv addresses in detail the
initial selection of risk-based PRGs. Detailed
guidance regardine other factors that can be used
1o further modifv PRGs during the remedv
selection process is presented in other documents
{see Section 1.3).

1.3 RELEVANT STATUTES,

REGULATIONS, AND
GUIDANCE

This section provides rejevant background on
the CERCLA statute and the regulations created
to implement the statute (i.e, the NCP). In
addition, other CERCLA guidance documents are
listed and their relationship to the site remediation
process is discussed.

13.1 CERCLA/SARA

CERCLA, as amended by the Superfund
Amendments and Reauthorization Act of 1986
(SARA). is the authoriry for EPA to take response
actions. (Throughout this guidance, reference 10
CERCLA shouid be understood to mean
"CERCLA 3as amended by SARA"™)

Several sections of CERCLA. especally
section 121 (Clean-up Standards). set out the
requirements and goals of CERCLA  Two
fundamental requirements are that selected
remedies be protective of human health and the
environment, and comply with ARARs. CERCLA
indicates a strong preference for the selection of

remedial alternatives that permanently and
sicnificantly  reduce the volume, toxicity, of
mobility of wastes. To the maximum extent

practicable. the selected remedial aliernauves
shouid effect permanent solutions by using
treatment technologies. Both the law and the
regulation (see below) call for cost-effective
remedjal alternatives.
1.3.2  NATIONAL CONTINGENCY PLAN
Regulations implementing CERCLA are found
in Volume 40 of the Code of Federal Regulanons
(CFR), Part 300. and are referred to collectively as
the NCP. Section 300.430 of the NCP. and several
portions of the preambles in the Federal Regisier
(55 Federal Register 8666, March 8, 1990 and 33
Federal Register 51394, December 21, 1988}
address how the Superfund and other CERCLA
programs are to implement the Act’s requirements
and goals concerning clean-up levels.

Nine criteria have been developed in the NCP
to use in selecting a remedy. These criteria are
listed in the next box. The first criterion — overali
protection of human health and the environment
— is the focus of this document. This criterion
coupled with compliance with ARARS are referred
10 as "threshold criteria” and must be met by the
selected remedial aliernative. PRGs are developed
10 quantify the standards that remedial alternatives
must meet in order to achieve these threshold
criteria. See the second box on the next page (o7
highlights from the NCP on remediation goals.
133 GUIDANCE DOCUMENTS

There are several existing documents that
provide gudiance on related steps of the sie
remediation process.  These documents arc
described in the box on page five.  When
documents are referenced throughout this
guidance, the abbreviated utles, indicated 1n
parentheses after the full titles and bibliograpnic
information. are used.
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NINE EVALUATION CRITERIA FOR
ANALYSIS OF REMEDIAL ALTERNATIVES
(40 CFR 300.430(e)(9)(1ii))

Threshold Criteria:

» Overal! Protection of Human Health and the
Environment

= Comphance with ARARs

Balancing Criteria:

» lLong-term Effectiveness and Permanence

« Reduction of Toxcity, Mobiliry, or Volume
Through Treatment

- Shori-term Effectiveness

« Implementability

+ Cost

Modifving Criteria:

« State Acceptance

« Community Acceptance

1.4 INITIAL DEVELOPMENT OF

PRELIMINARY
REMEDIATION GOALS

The NCP preamble indicates that, typically,
PRGs are developed at scoping or concurrent with
initia] RI/FS activities (i.e., prior to completion of
the baseline risk assessment). This  early
determination of PRGs facilitates development of
a range of appropriate remedial alternatives and
can focus selection on the most effective remedy.

Development of PRGs early in the RLFS
requires the following site-specific data:

e media of potential concern:
e chemicals of potential concern; and
e probable future land use.

This information may be found in the preliminary
assessmentssite inspection (PA/SI) reports or in the
conceptual site model that is developed prior to or
during scoping. (When a site is listed on the
National Priorities List [NPL], much of this
information is compiled during the PA/SI as part
of the Hazard Ranking System [HRS]
documentation record.) Once these factors are
known, all potential ARARs must be identified.
When ARARs do not exist, risk-based PRGs are
calculated using EPA health criteria (i.e., reference
doses or cancer slope factors) and default or site-
specific exposure assumptions.

]

'

NCP RULE HIGHLIGHTS
RISK AND REMEDIATION GOALS
(40 CFR 300.430(¢)(2))

"In developing and. as appropriate, screeming
... alternatives, the lead agency shall: (1) Establish
remedial action objectives specifving contammnants
and media of concern, potenual exposure
pathways, and remedianon goals. Iniualiy,
preliminary remedianion goals are developed based
on readily available informauon. such as chemical-
specific ARARs or other rehable informauon.
Preliminary remediauon goals should be modified.
as necessary, as more nformaton becomes
available dunng the RI/FS. Final remediation
goals will be determined when the remedy is
selected.  Remediation goals shall establish
acceptabie exposure levels that are protective of
human health and the environment and shall be
developed by considenng the following:

(A) Applicable or relevant an¢ “~ppropriale
requirements ..., and the following factors:

(1) For systemic taacants, acceptable
exposure levels shall represent
concentration levels to which the human
populauon, including sensitive subgroups,
may be exposed without adverse effect
during a lifetime or part of a lifeume,
incorporating an adeguate margin of
safery;

(2) For known or suspected carcinogens,
acceplable exposure levels are generally
concentration levels that represent an
excess upper-bound hfetime cancer nisk
tc an indvidual of between 10™ and 10™
using information on the retatonship
berween dose and response. The 107
nsk level shall be used as the powmnt of
departure for determining remediation
goals for aliernatives when ARARS are

not available or are not sufficientiy
protective because of muliple
contaminants at a site or muliple

pathways of exposure ..

ﬁ

It is important 1o remember that risk-based
PRGs (either at scoping or later on) are initial
guidelines. Thev do not establish that cleanup ¢
meet these goals is warranied. A risk-based
concentration, as calculaled in this guidance, will
be considered a final remediation level only after
appropriate analysis in the RI/FS and ROD.




‘GUIDANCE DOCUMENTS

Risk Assessment Guidance for Superfunc: Voiume | — Human Health Evaiuanion Manual Parr A (EPA 19802
(RAGS/HHEM Part A) contains background information and s particularty relevant for developing exposure anc
toxacity assessments that are reguired when refining chermical-specific risk-base¢ concentralions, ahd accounung
for site-speaific factors such as muliple exposure pathways. .
Guidance for Conducting Remedial Invesngations and Feasibilty Studies Under CERCLA (EPA 1985c) (RITS
Guidance) presents detailed information about implemenung the RI/FS and general informanon on the use of
risk-based factors and ARARs in the context of the RI/FS.

Guidance on Remedial Acrion for Contarrunated Ground Weaer ar Superfund Sites {EPA 1988d) (Ground-water
Guidance) details some of the kev issues in development, evaluauon, and selection of ground-water remed:al
acuons at CERCLA sites.

CERCLA Compliance with Other Laws Manuals (Part 1. EPA 1988a: and Part 11, EPA 1989a) (CERCLA
Comptiance Manuals) provide guidance for comptving with ARARs. Part [ addresses the Resource Conservation
and Recovery Act (RCRA), the Clean Water Act (CWA), and the SDWA; Part 11 addresses the Clean Air Act
{CAA), other federal statutes, and state requirements.

Methods for Evaluating the Anainmers of Cleanup Siandards (Volwne 1. Soils and Solid Wasie) (EPA 195%¢)
and Methods for Evaluanng the Auairunent of Cieanup Standards (Volume 2: Water) (Drafi, 1988 EFA
Statistical Policy Branch) (Attainment Guidance) provide guidance on evaluating the attainment of remediation
levels, including appropriate sampling and statistical procedures to test whether the chemucat concentrations are
significantly below the remediation levels.

Interim Final Guidance on Preparing Superfund Decision Documents (EPA 1989b) (ROD Guidance) prowides
guidance that: (1) presents standard formats for documenung CERCLA remedial action deasions: (2) clanifies
the roles and responsibilities of EPA, states, and other federal agencies in developing and issuing decision
documents; and (3) explains how to address changes made 10 proposed and selected remedies.

Catalog of Superfund Program Publicanions, Chapter 5 (EPA 1990a) lists ali ARARs guidance documents that
have been issued by EPA, shown in order of date of issuance.

Role of the Baseline Risk Assessmen: in Superfund Remedy Selection Decisions (EPA 1991c) provides clanfication
on the rale of the baseline risk assessment in developing and selecting CERCLA remedial altermatives.

Giudance for Data Useabdity in Risk Assessmernt (EPA 1990b) (Data Useability Guidance) provides guidance on
how 10 obtain a minimum level of quahry for all environmental anahmical data required for CERCLA nisk
assessments. It can assist with determining sample quantitation hmts (SQLs) for chemicai-specific anafvses.

Guidance on Remedial Actions for Superfund Sites with PCE Comtamination (EPA 1990c¢) describes the
recommended approach for evaluating and remediating CERCLA sites having PCB contamination.

Conducnng Remedial Investiganions/Feasibiity Studies for CERCLA Municipal Landfi! Sies (EPA 1991a)
(Municipat Landfill Guidance) offers guidance on how (o streamiine both the RI/FS and the selection of a remedy
for rounicipal landfills.
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1.5 MODIFICATION OF
PRELIMINARY

REMEDIATION GOALS

The iniual list of PRGs mayv need 1o be revised
as new data become available during the RIFS.
Therefore, upon completion of the baseline risk

Iy

assessment, it is important to review the media and
chemicals of potential concern. future land use.
and exposure assumptions originally identified at
scoping. Chemicals may be added or dropped from
the list, and risk-based PRGs may need toc be
recalculated using site-specific exposure factors.
PRGs that are modified based on the results of the
baseline risk assessment must sull meet the




"threshold criteria” of: (1) protection of human
health and the environment and (2) compliance
with ARARs. However. the NCP also allows for
modificaion of PRGs during final remedy
selection based on the "balancing” and "modifving”
criteria and factors relating 1o unceriainty,
exposure. and technical feasibility.

Final remediation levels are not determined
until the site remedy is ready to be selected; final
remediation levels are then set out in the ROD.
PRGs are refined into final remediation goals
throughout the process leading up to remedy
selection. The ROD iwself. however, should
include a statement of final clean-up levels based
on these goals, as noted in NCP section
300.430(e)(2)(1)(A). In the ROD, it is preferable
t0 use the term "remediation level” rather than
"remediation goal” in order to make clear that the
selected remedy establishes binding requirements.

1.6 DOCUMENTATION AND

COMMUNICATION OF
PRELIMINARY
REMEDIATION GOALS

Clear and concise communication of risk-based
PRGs among the risk assessor, the RPM, the
ARARs coordinator, site engineers, analytical
chemists, hvdrogeologists. and others is important
in the development of PRGs. The involvement of
the RPM in the direction and development of
risk-based PRGs is important to ensure that
communication is facilitated and that the PRGs
are used efiectively in streamlining the RLIFS
process.

Because PRGs are most useful during the
RLIFS (e.g., for streamlining the consideration of
remedial alternatives), it is important 1o
communicate them 10 Sile engineers as soon as
possible. A memorandum from either the site nisk
assessor or the RPM to the site engineers and
others concerned with PRGs wouid be appropriate
for transmitting the initial PRGs. A brief cover
page could highlight kev assumptions, as well as
changes, if any, 10 the sitandard equations (ie.,
those presented in this guidance). Following this
brief discussion. the PRGs could be presented
using a table similar to that in Section 3.4 of this
guidance.

The RLIFS Guidance recommends that
"chemical- and/or risk-based remedial objectives

associated with the alternauve should be
documented in the final RI/FS report 1o the extent
possible.” Thererore. the RI'FS report 1s a logical
place 10 present PRGs that have been modified
after the baseline risk assessment. A summary
table such as the one developed in Secuon 3.4 of
Part B could be incorporated into the RLFS
following the presentation of the baseline risk
assessment. Along with the table, a discussion of
issues of particular interest, such as assumptions
used and the relationship between ARARs and
risk-based PRGs at the site, could be included.
Also, it is always appropriale 10 discuss how
findings of the baseline risk assessment were
incorporated into the calculation of PRGs.

1.7 ORGANIZATION OF

DOCUMENT

The remainder of this guirdance is organized
into three additional chapters and two appendices.
Chapter 2 discusses the initial identification of
PRGs and provides guidance for modifving
appropriate values during the RI/FS. Chapter 3
outlines equations that can be used 10 calculate
risk-based PRGs for residential and commercial/
industrial land uses. These equations are
presented in both ‘"reduced” format (i.e.
incorporating certain defaultassumptions discussed
in Chapter 2) and expanded format (i.e., with all
variables included so that the user of this guidance
can incorporate site-specific values). Particular
considerations regarding radionuclides are provided
in Chapter 4.

Appendix A supports several poinis made in
Chapter 2 by providing illustrations of remedial
alternatives where one or more chemicals "limit”
remediation and, thus, represent a major portion
of the residual risk. Appendix B lists equations for
media-specific exposure pathways. enabling the nisk
assessor to derive site-specific equations that differ
from those presented in Chapter 3.

Throughout Chapters 2, 3, and 4, case studies
are presented that illustrate the process of
determining PRGs.  These case studies are
contained in boxes with a shadow box appearance.
Other types of boxed informauon (e.g., NCP
quotes) is conwained in boxes such as those in
Chapter 1, which have thicker lines on the top and
bottom than on the sides.




CHAPTER 2

IDENTIFICATION OF PRELIMINARY
REMEDIATION GOALS

This chapter provides guidance on the initial
identification of PRGs during the scoping phase of
the RUFS. As discussed in  Chapter 1.
medium-specific  PRGs (ARAR-based andjor
risk-based) should be identified during scoping for
all chemicals of potential concern using readilv
available information. Sections are provided in
this chapter on how 10 use this information 1o
identifv media and chemicals of polential concern.
the most appropriate future land use, potential
exposure pathways, toxicity information, potential
ARARS, and risk-based PRGs. Finally, a section
is provided on the modification of PRGs.

When using PRGs developed during scoping,
the design engineers should understand that these
mav _be modified significantiv _depending on
information gathered about the _site. The
subsequent process of identifving kev site
contaminants, media, and other factors (i.e., during
the baseline risk assessment() mav require that the
focus of the RIFS be shifted (e.g., chemicals
without ARARs may become more or less
important).  Thus, the design of remedial
alternatives should remain flexible until the
modified (i.e.. more final) PRGs are available.

Prior 1o identifving PRGs during scoping. a
conceptual site model should be developed (see
the next box). Originally developed to aid in
planning site activities (e.g., the RUFS), the
conceptual site model also conuains information
that is valuable for identifving PRGs. For
example, it can be relied upon to identify which
media and chemicals need PRGs. More
information on developing and using a conceptual
site model during the RU/FS process can be found
in Chapter 2 of the RI/FS Guidance and Chapier 4
of RAGS/HHEM Part A

To ilustrate the process of calculating
nsk-based PRGs at the scoping stage of
remediation, hypothetical CERCLA sites will be
examined in boxes in appropriate sections
throughout Chapters 2, 3, and 4. See the box on

CONCEPTUAL SITE MODEL

During project pianning. the RPM caihers and
analyzes available informanon and develops the
conceptual site model (also called the conceptual
evaluauon model). This mode! 1S used tc assess
the nature and the extent of contamination. Ii also
identifies potenual contaminant sources, patennal
exposure pathways, and potential human and/or
emvironmental receptors. Further, this model heips
1o identify daa gaps and assists staff in devefoping
sirategies for data collection. Site history and
PA/S] data generally are extremely usefut sources
of information for developing this model. The
conceptual site mode! should nclude known and
suspected sources of contarmination, types of
contaminants and affected media, known and
potential routes of migranon, and known or
potenual human and environmential receplors.

i
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the next page for an introduction to the first site.
(The radiation case study 1s addressed 1n
Chapter 4.) The information (e.g.. toxicity values,
contained in these case studies is for illustration
only, and should not be used for anv_other
purpose. These case studies have been simplified
(e.g., only ground water will be examined) so tha:
the steps involved in developing risk-based PRG:
can be readily discerned.

2.1 MEDIA OF CONCERN

During scoping. the first step in developing
PRGs is to identify the media of potential concern.
The conceptual site model should be verv useful
for this step. These media can be either:

e currently contaminated media 1o which
individuals may be exposed or through which
chemicals may be transported to polentai
receplors: or




CASE STUDY: INTRODUCTION

Trne XYZ Co sue comamns an grandoned
:ndusinial facuwiny that s wdiacent t&o& high-
gensity residentiai neignoorhood. Remnants of
crum“ izgoons. anc waste piles were 1ounc al
tne site. Grounc water in the arez of (ae site 18
usel by resicenis as & domesuc waler suppiy.

. Thmere 1 alsc a small lake downgradien: from tne
sie thal 1s used by some C: the loca. resieents
for fishing and swimmung.

e currentiv uncontaminated¢ media tha: meo:
become contaminated in tne future due (G

contaminant transport.

Several important media ofien requiring direct
remediation are ground water, surface water, soil,
anc sediment. Currently, only the first three of
these media are ciscussed in this chapter and
addressed by the cquations provided in Chapters 2
and 4. If other media that may require the
development of risk-based concentrations (e.g,
sediments) are identifieG¢ al scoping, appropriate
equations for those media should be developed.
Regicnal risk assessors should be consulted as
early as possible to assist with this process.

CASE STUDY: IDENTIFY MEDIA
OF CONCERN

The PASSI for the exampie site indicaies tha:
grounc water beneath the site s coniaounarec.
The source of this coniaminallon &ppears 1
have becn appraximately 10G leaking drums of
various chemicals that were burtec in the sol, but
nave since been removed. Lagocns and wasie
alsc may have contnouted (c the
contaminauon. Thus. ground water and sou are
rmedia Of Concern.

plies

I3

Although evidence ¢! lake water
coniaminauor was no found durning tae PA'SL,
there 1S & reasonadit possibility that it may
become contaminated n inhe future due 1o
contamipan: transport either wvia ground-water
cischarge or surface water run-ofl  Thus,

surface water (the lake) anc sediment 2is¢ may
be media o concern.

[ )
[ ]

CHEMICALS OF CONCERN

chemicals for which PRC» neec 1o be deveioped
Chaptlers 4 and & of RAGSHHEM Pari A provide
imporiant additionai nformauor on identifvine
cnemicals of polenual concerr 1or & site and
should be consullers prior 1o develorment of the
concerntugl site mose. and PRGy at seonine.

Ininally, the list of chemicals of potential
concern should tnclude anv chemical reasonatih
expected 1o be of concern at the site based on what
is known during scoping. For exampie. ::poTtan:
chemicals previously detectec at the site, based on
the PA’S]. the conceptual site modei. or other
prior investigations. generally shouid be sncivdec
In addiuon, the list may incluae chemicals thai the
site history indicates are likelv to be presen: in
significant quantities. even though they mav not w2t
be detected.  Sources of this latter type of
information include records of chemicais used or
disposed at the facility, and intenviews with current
or former empiovees. The list also may inciude
chemicals that are probable degradation products
of site contaminants where these are determined 10
be potential contributors of s:gnificznt risk. An
environmental chemiusi should be consulted ior
assistance in determinirg the probabie degradatiorn
products of polential sile-related chemicals anc
their persistence under site conditions. Generally.
the chemicals for which PRGs shouid be developec
wil. correspond 10 the list of suspecied site
contaminants included ir. the sampling and analvsic
plan.
23 FUTURE LAND USE
This step involves idenuiving the mos
appropriaie future iand use for the site $3 thet ae

equations (discussed in the next section: car be
used 10 calzulate risk-based PRGs. RAGS/HHEM
Part A (Chapier 6) and an EPA Office of Soid
Waste and Emergency Response (OSWER
directive on the role of tnz baseline s
assessment in remedyv seiect:on decisions (EPa
1991b) provide additiona} guilince or identifvins
future land use. The siandarcC defzull ecuauton
provided in Chapter X of Part b on. addres
residential and commercialindusina! iznd uses. |
ianc uses other than these are to be zssumed (e.¢.
recreational), then exposure pathwayvz, parametars

-&-



CASE STUDY: IDENTIFY CHEMICALS
OF CONCERN

The PASI for the XYZ Coe. site identified the
followming seven chemicals 1n ground-water
samples: benzene. ethylbenzene, hexane,
isopnorone. tnallate, 1,1.2-trichloroethane, and
viny! chloride.  Therefore, these chemicals are
obvious choices for chemicals ©of potenual
concern.

Although not detected n any of the PASS]
samples. siue history indicates that one otber
solven: — carbon tetrachloride — also was used in
significant quanuues by the facility that operated
at the site. This chemical. therefore, is added 10
the st of chemicals of potenual concern.

and equations will need to be developed for the
others as well.

In general, residential areas should be assumed
to remain residential. Sites that are surrounded by
operating industrial facilities can be assumed to
remain industrial areas unless there is an
indication that this is not appropriate. [acking
site-specific information (e.g., at scoping), it may
be appropriale 10 assume residential land use.
This assumption will generally lead to conservative
(i.e.. lower concentration) risk-based PRGs. If not
enough site-specific information is readily available
at scoping to select one future land use over
another, it mav be appropriate 1o develop a
separate set of risk-based PRGs for each possible
land use.

When waste will be managed onsite, land-use
assumptions and risk-based PRG development
become more complicated because the assumptions
for the site itself mayv be different from the land
use in the surrounding area. For example, if waste
is managed onsite in a residential area. the
risk-based PRGs for the ground water beneath the
site (or at the edge of the waste management unit)
may be based on residential exposures, but the
risk-based PRGs for the site soils mav be based on
an industrial land use with some management or
institutional controls.

If a land-use assumption iS used that is Jess
conservative (i.e., leads to higher risk-based
concentrations) than another, it generally will be
necessary to monitor the future uses of that site.

For example, if residential [and use 15 not deemed
10 be appropriate for a parucular site because local
zoning faws prohibit residential development, ans
changes in local zoning would need 1 be
monitored. Such considerations should be clearh
documenited in the site’s ROD.

CASE STUDY: IDENTIFY FUTURE
LAND USE

Based or esiablished fand-use trends. local
renovation projects, and popuiaton growih
projecuons in the area of the XYZ Cc. sue, the
most reasonable future use of the land
determined 1o be residenual use. Thus. sie-
speaific information is sufficient to show that the
generally more conservatrve assumption  of

residenuial land use should serve as the basis for
development of nsk-based PRGs.

2.4 APPLICABLE OR RELEVANT
AND APPROPRIATE

REQUIREMENTS

Chemical-specific ARARs are evaluated as
PRGs because they are ofien readily available and
provide a preliminary indication about the goais

that a remedial action may have 10 attain. This
step involves identifying all readily available
chemical-specific potential ARARs for the

chemicals of potenual concern (for each medium
and probable land use). Because ai scoping it
often is uncertain which potential ARAR s the
most likely one to become the ARAR-based PRG.
all potential ARARs should be included in
tabular summary (L.e., no potential ARAR shouic
be discarded). I there is doubt about whether 2
value is a potenuial ARAR, and therefore whether
it could be used as a PRG, it should be included at
this stage.

This section summarizes the concept o
ARARSs and identifies the major types of ARARGs.
but provides only limited guidance on identifvine
the most appropriate (likely) ARAR of all possible
ARARs 10 use as the chemical-specific PRG
More detailed information about the identification
and evaluation of ARARSs is available from 1w
imporant sources:

» the NCP (see specifically 55 Federal Regsror
8741-8766 for a description of ARARs. ano




8§712-8715 for using ARARSs as PRGs; see also
33 Federal Register 51394); and :

o CERCLA Compliance Manuais .ZPA 1988a
and 1989a).
2.4.1 CHEMICAL-, LOCATION-, AND

ACTION-SPECIFIC ARARs

The Agency has identified three general types
of federal and state ARARs:

e chemical-snecific. are usually health- or nsk
management-based numbers or methodologies
that. when applied 1o site-specific conditions,
result in the establishment of numerical values
(c.g., chemical-specific concentrations in a
given medium);

» location-specific, are restrictions placed upon
the concentration of hazardous substances or
the conduct of activities solely because they
are in special locations (e.g., wetiands); and

e aciion-specific, are usually technologv- or
activity-based requirements or limitations on
actions taken with respect to hazardous wastes.

This guidance primarily addresses oniv chemical-
specific  ARARs since it focuses on the
identification of chemical-specific concentrations
that represent target goals (e.g., PRGs) for a given
medium.

2.42 SELECTION OF THE MOST LIKELY
ARAR-BASED PRG FOR EACH
CHEMICAL

This section briefly describes which, if any, of
several potential ARAR values for a given
chemical is generally selected as the most likely
ARAR-based PRG (and therefore the most likely
PRG at this point). Although the process for
identifying the most likely ARAR-based PRG is
specific 10 the medium, in general the process
depends on two considerations: (1) the
applicability of the ARAR to the site; and (2) the
comparative stringency of the standards being
evajuated. The previously cited documents should
be carefullv considered for specific
recommendations on_identifving ARARs.

Ground Water. SDWA maximum contaminant
levels (MCLs), non-zero MCLGs, state drinking
water standards, and federal water qualiry criteria

(FWQC) are common ARARs (and. therefore,
potential PRGs) for ground water. Other tvpes of
laws. such as state anti-degradation laws. mav be
PRGs if they are accompamed by allowable
concentrations of 2 chemical.  (Although siate
anti-degradation laws that are expressed as
qualitative standards may also be potential
ARARs, they generallv would not be considered
PRGs.)

As detailed in the NCP (see next box). the first
step in identifving ground-water PRGs is 10
determine whether the ground water is a current
or potential source of drinking water. If the
aquifer is a potential source of drinking water,
then potential ARARSs generally will include the
federal non-zero MCLG, MCL, or state drinking
water standard, and the most stringent (i.e, the
lowest concentration) is identified as the most
likely ARAR-based PRG.

NCP ON GROUND-WATER GOALS
(NCP Preambile;
55 Federal Register 8717, March 8, 1990)

"Ground water that is not currently a dnnking
water source but is potennally a dnnking water
source in the future would be protected to levels
appropriate 10 its usc as a drinking water source.
Ground water that is not an actual or potential
source Of dnnking water may not require
remediation to a 10™ to 10® level (except when
necessary to address environmental concems o
allow for other beneficial uses; . . .)."

If the aquifer 1s not a potential source of
drinking water, then MCLs, MCLGs, state drinking
water requirements, or other health-based leveis
generally are not appropriate as PRGs. Instead.
environmental considerations (i.e., effects on
biological receptors) and prevention of plume
expansion generally determine clean-up levels. If
an aquifer that is not a potential source of
drinking water is connected to an aquifer that is a
drinking water source, it may be appropriate to use
PRGs to set ciean-up goals for the point of
interconnecton.

For chemicais without MCLs. state standards,
or non-zero MCLGs, the FWQC may be
potentially relevant and appropnate for ground
water when that ground water discharges to surface
water that is used for fishing or shellfishing.
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Surface Water. ¥WQC and state water quality
standards (WQS} are common ARARs for surface
waler. Animportant determination for identifving
ARARs and other criteria as potential PRGs for
surface water is the current designated and future
expected use of the water body. Because surface
water potentially could serve many uses (e.g.,
drinking and fishing), several ARARs may be
identified as potential PRGs for a chemical. with
each ARAR corresponding to an identified use. A
state WQS is generally the most likelv ARAR for
surface water unless a federal standard is more
stringent.

If surface water is a current or potential source
of dnnking water, MCLs. state drinking water
standards, non-zero MCLGs, and FWQC are
polernual ARARs. The analysis 10 determine
which of these drinking water standards is the most
likelv ARAR-based PRG is the same as that
conducted for ground water. An FWQC based on
ingestion of water and fish might be an ARAR for
surface water used for drinking.

If the designated or future expected use of
surface water is fishing or shellfishing, and the
state has not promulgated a2 WQS, an FWQC
should be considered as a potential ARAR. The
parucular FWQC (i.e., for water and fish ingestion
or fish ingestion alone) sefected as the potential
ARAR depends on whether exposure from one or
both of the routes is likelv 10 occur and, therefore,
On the designated use of the water bodv. If other
uses of the water are designated (e.g., swimming),
a state WQS may be available.

Soil. In general, chemical-specific ARARs
may not be available for soil. Certain states.
however, have promulgated or are about 10
promuigate soil standards that may be ARARSs and
thus may be appropniate t0 use as PRGs. In
addition, several EPA policies may be appropriate
1o use in developing PRGs (e.g., see EPA 1990¢
for guidance on PCB clean-up levels).

2.5

EXPOSURE PATHWAYS,
PARAMETERS, AND
EQUATIONS

This step is generally conducted for each
medium and land-use combination and involves
idenufying the most appropriate (1) exposure
pathwayvs and routes (e.g.. residential ingestion of
dninking water), (2) exposure parameters (e.g.

Z huersidav of water ingested). and (3) eguanhons
fe.g.. 10 Incorporate aniaken  The equauons
include calculations of wotal mmtake from a givern
medium and are based on the identified exposure
pathways and associated parameters. Informauon
cathered 1n this step should be used 1o calculate
risk-based PRGs using the default equations
identified in Chapters3 a2nd 4. Site-spectfic
equations can be derived 1l a different set of
exposure pathwavs is identfied for a particular
medium: this opuion also 1s discussed in Chapters
3and 4.

When risk-based concentrations are developed
during scoping, readilv available sie-specific
information may be adequate to idenufv and
develop the exposure pathways, parameters. and
equations (e.g., readily available information may
indicate that the exposure duration should be 40
vears instead of the standard default of 30 vearsy.
In the absence of readily availabl: site-specilic
information, the standard default informauon in
Chapters 3 and 4 generally should be used for the
development of risk-based PRGs.

Exhibit 2-1 lists a number of the potenual
exposure pathwavs that might be present at a
CERCLA site. The exposure pathways included in
the medium-specific standard defaull equations
(see Chapters 3 and 4) are italicized in this exhibit.
Note that Chapters 3 and 4 mav not address all of
the exposure pathwavs of possible imporwance a: a
given CERCLA _site. For example. the
consumption of ground water that continues (o be
contaminated by soil leachate is not addressed.
Guidance on goal-setuing to address this exposure
pathway is currently under development by EPA
In addition, the standard default equations do not
address pathways such as piant and ammal uptake
of contaminants from soil with subseguent human
ingestion. Under certain circumstances, these of
other exposure pathways may present significant
risks to human health. The standard defaull
information, however, does address the quantifiabie
exposure pathwavs that are often significant
contributors of risk for a parucular medium and
land use.

-

Chapters 3 and 4 show how exposures from
several pathways are addressed in a singie equation
for a medium. For example, in the equauon for
ground water and surface water under the
residential iand-use assumption. the coefficients
incorporate default parameter values for ingesuion
of drinking water and inhalation of volatiles during
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EXHIBIT 2-1
TYPICAL EXPOSURE PATHWAYS BY MEDIUM .
FOR RESIDENTIAL AND COMMERCIAL/INDUSTRIAL LAND USES™

Exposure Pathwayvs, Assuming:

Medium Residential Land Use Commercial/Industrial Land Use
Ground Water Ingestion from drinking Ingestion from dn‘nkjngd
Inhalation of volatiles Inhalation of volatiles
Dermal absorption from bathing Dermal absorption

Immersion - external®

Surface Water Ingestion from drinking Ingestion from drinl»u‘ngd
Inhalation of volatiles Inhalation of volatiles
Dermal absorption from bathing Dermal absorption

Ingestion during swimming
Ingestion of contaminated fish

Immersion - external®

Soil Ingestion Ingestion
Inhalation of particulates Inhalation of particulates
Inhalation of volatiles Inhalation of volatiles
Direct exernal exposure® Direct external exposure
Exposure to ground water contaminated ~ Exposure to ground water contaminated
by soil leachate by soil leachate
Ingestion via plant uptake Inhalation of particulates from trucks

and heavy equipment
Dermal absorption from gardening

% Lists of land uses. media. and exposure pathways are not comprehensive.

b Exposure pathways included in RAGS/HHEM Part B standard default equations (Chapters 3 and 4) ar
italicized.

© Applies to radionuclides only.

¢ Because the NCP encourages protection of ground water 10 maximize its beneficial use. risk-based PRGs
generally should be based on residential exposures once ground water is determined 10 be suitable for drinking.
Similarly, when surface water will be used for drinking, general standards (e.g., ARARs) are to be achieved
1h.at define levels protective for the population at large, not simply worker populations. Residential exposure
scenarios should guide risk-based PRG development for ingestion and other uses of potable water.




household water use. Full details of parameters
used to develop each equation and a suwmmary of
the T"reduced” siandard default equations are
provided in the text of these chapiters.

Certain modifications of the default equations
may be desirable or necessary. For example, il an
exposure pathway addressed by an equation 1In
Chapter 3 seems inappropriate for the site (e.g..
because the water contains no volatiles and,
therefore, inhalation of volatiles is irrelevant), or
if information needed for a pathway (e.g. a
chemical-specific inhalation slope factor {see
Section 2.6]) is not readily available or derivable,
then that pathway can be disregarded at this stage.

The decision about whether the risk assessor
should collect site-specific human exposure
pathwav information (e.g., exposure frequency,
duration, or intake rate data) is very impornant.
There will frequently be methods available to
gather such information. some of which are more
expensive and elaborate than others. Determining
whether the resulting data are reasonably
representative of populations in the surrounding
area, however, is often difficult. Collecting data by
surveving those individuals most convenient or
accessible to RPMs or risk assessors may not
present a complete population exposure picture.
In fact, poorly planned data gathering efforts may
complicate the assessment process. For example,
those surveved mav come to believe that their
contributions will play a more meaningful role in
the risk assessment than that planned by the risk
assessors; this can result in significant demands on
the risk assessor's time.

Before such data collection has begun, the nisk
assessor should determine, with the aid of
screening analyses. what benefits are fikely to
result. Coilectuion of the exposure data discussed
in this section generaliv shouid not be attempted
uniess significant differences are likelv 1o result in
final reasonable maximum exposure (RME) risk
estimates. If data collection 1S warranted,
svstematic and well-considered efforts that
minimize biases in results should be undertaken.
Estimates of future exposures are likelv to rely
heavily on conservative exposure assumptions. By
definition, these assumptions will be unaffected by
even the most extensive efforits to characterize
current population acuvity.

At this stage, the risk assessor. sile engineer,
and RPM should discuss information concemning

the absence Or presence of imporiant exposure
pathways, because remediation goais should be
designed for specific areas of the site that a
particular remedv must address, and exposures
expected for one area of the site may differ
significantly from those expected in another area.
251 GROUND WATER/SURFACE WATER

The residenual land-use default equauions
presented in Chapters 3 and 4 for ground water or
surface water are based on ingestion of drinking
water and inhalation of volatile (vapor phase;
chemicals originating from the household water
supply (e.g., during dish washing, clothes
laundering, and showerning).

Ingestion of drinking water is an appropriate
pathway for all chemicals with an oral cancer slope
factor or an oral chronic reference dose. For the
purposes of this guidance, however. inhalation of
volatile chemicals from water 15 considered
routinely only for chemicals with a Hennv's Law
constant of 1x 10° atm-m3/mole or greater and
with a2 molecular weight of less than 200 g/mole.
Before determining inhalation toxicity values for a
specific chemical (Section 2.6), it should be
confirmed that the Henry’s Law constant and
molecular weight are in the appropriate range for
inclusion in the inhalation pathway for water.

Default eguations addressing industrial use of
ground water are not presented. Because the NCP
encourages protection of ground water 10 its
maximum beneficial use, once ground water 1s
determined to be suitable for drinking, risk-based
PRGs generally should be based on residentual
exposures. Even if a site is located in an industria!
area, the ground water underlving a site in an
industrial area may be used as a drinking water
source for residents several miles away due (¢
complex geological interconnections.

252 SOIL

The residential land-use standard default
equations for the soil pathwav are based on
exposure pathwavs of ingestion of chemicals in soil
or dust. The industrial land-use equations are
based on three exposure pathways: ingestion of
soil and dust, inhalation of particulates. &nd
inhalation of volatiles. Again, for the purposes of
this guidance. inhalation of volatile chemicals 1s
relevant only for chemicals with a Henrv's Law
constant of 1 x 107 atm-m*mole or greater and




-

with a molecular weight of less than 200 g/mole.
For the inhalation pathways, 1n addition (o toxicity
information. several chemical- and site-specific
values are needed. These values include molecular
diffusivity, Henry's Law constant, organic carbon
partition coefficient. and soil moisture content (see
Chapter 3 for details).

CASE STUDY: IDENTIFY EXPOSURE
PATHWAYS, PARAMETERS,
AND EQUATIONS

For the potential residential land use
identified at the XYZ Co. site, the contaminated
ground water (one of several media of potential
concern) appears to be an important source of
future domestic water. Because site-specific
informatiog is not initially available to develop
specific exposure pathways, parameters, and
egquations, the standard default assumpuons and
equauons provided in Chapter 3 will be used to
calculate risk-based PRGs. Exposure pathways
of concern for ground water, therefore, are
assumed o be ingestion of ground water as
drinking water and inhalation of volatiles in
ground water during household use.

2.6 TOXICITY INFORMATION

This step involves identifying readily available
toxicity values for all of the chemicals of poiential
concern for given exposure pathways so that the
appropriate slope factors (SFs; for carcinogenic
effects) and reference doses (RfDs: for
noncarcinogenic effects) are identified or derived
for use in the site-specific equations or the
standard default equations. Therefore, Chapter 7
of RAGS/HHEM Part A shouid be reviewed
carefully before proceeding with this step.

The hierarchy for obtaining toxicity values for
risk-based PRGs is essentially the same as that
used in the baseline risk assessment. Brefly,
Integrated Risk Information System (IRIS) is the
primary source for toxicity information; if no
verified toxicity value is available through IRIS,
then Health Effects Assessment Summary Tables
(HEAST) is the next preferred source. When the
development of a toxicity value is required (and
appropriate data are available), consultation with
the Superfund Health Risk Assessment Technical
Support Center is warranted. EPA staff can
contact the Center by calling FTS-684-7300

(513-569-7300) or by FAX at FT1S-684.7159
(513-569-7159). Others must fax 1o the above
number or write to:

Superfund Health Risk Technical Support
Center

Environmental Criteria and Assessment Office

U.S. Environmental Protection Agency

Mail Stop 114

26 West Martin Luther King Drive

Cincinnati, Ohio 45268

Other toxicity information that should be
obtained includes EPA’s weight-of-evidence
classification for carcinogens (e.g., A, B1l) and the
source of the information (e.g., IRIS, HEAST).

Note that throughout this document, the term
hazard index (HI) is used to refer 1o the risk level
associated with noncarcinogenic effects. An HI is
the sum of two or more hazard quotients (HQs).
An HQ is the ratio of an exposure level of a single
substance to the RfD for that substance. Because
R{Ds are generally exposure pathway-specific (e.g.,
inhalation RfD), the HQ is a single substance/
single exposure pathway ratio. An HI, on the
other hand, is usually either a single substance/
muitiple exposure pathway ratio, a multipie
substancesingle exposure pathway ratio, or a
multiple substance/multiple exposure pathway
ratio. In this documeni, however, only one
exposure pathway is inciuded in the default
equation for some land-use and medium
combinations (e.g., residential soil). In order 10
remain consistent, the term HI has been used
throughout RAGS/HHEM Pan B, even though for
such a pathway, the term HQ could apply.

2.7 TARGET RISK LEVELS

This step involves identifying target risk
concentrations for chemucals of potential concern.
The standard default equations presented in
Chapters 3 and 4 are based on the following target
risk levels for carcinogenic and noncarcinogenic
effects.

» For carcinogenic effects, a concentration is
calculated that corresponds to a 10%
incremental risk of an individual developing
cancer over a lifetime as a result of exposure
10 the potential carcinogen from all significant
exposure pathways for a given medium.
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CASE STUDY: IDENTIFY TOXICITY INFORMATION?

Reference 1oxicity values for cancer and noncancer effects (1e.. SFs and RfDs. respectively) are required tor
chemicals without ARAR-based PRGs (only the case stuay chenucais without ARARSs are listed here). Considening
the ground-water medium only, ingestion and inhalauon are exposure palnways of contern, Toxicity inlormanon
1s obtaned trom IRIS and HEAST. and 1s shown 1n the 1able beiow.

RfD SF Weicht of

Chemical (mg/kg-dav) Source (mg/kg-dav)’ Evidence Source
EXPOSURE ROUTE: INGESTION
Hexane 0.06 HEAST - — —
Isophorone 0.2 IRIS 0.0039 C HEAST
Triallate 0.013 IRIS - — -
EXPOSURE ROUTE: INHALATION
Hexane 0.04 HEAST - — -
Isophorone - - - C HEAST
Traliate —_ - —_ - - |

e For noncarcinogenic effects, a concentration is
calculated that corresponds to an HI of 1,
which is the level of exposure 10 a chemical
from all significant exposure pathwavs in a
given medium below which it is unlikely for
even sensitive populations 10 experience
adverse health effects.

At scoping, it generally is appropriate 10 use
the standard default target risk levels described
above and discussed in the NCP. That is. an
appropriate point of departure for remediation of
carcinogenic risk 1S a concentration that
corresponds 10 a risk of 10% for one chemical in a
particular medium. For noncarcinogenic effects,
the NCP does not specify a range, but it generally
is appropriate t0 assume an HIi equal to 1.

MODIFICATION OF
PRELIMINARY
REMEDIATION GOALS

2.8

Upon completion of the baseline risk
assessment (or as soon as data are available), it is
important to review the future land use, exposure
assumptions, and the media and chemicals of
potential concern originally identified at scoping,
and determine whether PRGs need 1o be modified.
Modification may involve adding or subtracting

! All information 1n this exampie Is for illusiration purposes only.

chemicals of concern, media, and pathwaws or
revising individual chemical-specific goals.
28.1 REVIEW OF ASSUMPTIONS

Media of Concern. As a guide 1o determining
the media and chemicals of potenual concern. the
OSWER directive Role of the Baseline Risi
Assessment in Superfund Remedy Selection Decisions
(EPA 1991¢) indicates that action is generalis
warranted at a site when the cumulative
carcinogenic risk is greater than 10° or the
curmulative noncarcinogenic Hl exceeds 1 based on
RME assumptions. Thus, where the baseline risk
assessment indicates that either the cumulatnve
current or future risk associated with a medium 1=
greater than 10~ or that the HI is greater than 1.
that medium presents a concern, and it generally 1y
appropriate to maintain risk-based PRGs for
contaminants in that medium or develop risk-based
PRGs for additional media where PRGs are not
clearly defined by ARARs.

When the cumulative current or future
baseline cancer risk for a medium is within the
range of 10° to 107, a decision about whether o
not to take action 1s a site-specific determinaton.
Generally, risk-based PRGs are not needed for anvy
chemicals in a medium with a cumulative cancer
risk of less than 10, where an HI is less than or




equal to 1, or where the PRGs are clearly defined
by ARARs. However, there may be cases where a
medium appears (0 meet the protectiveness
criterion but contributes 1o the contamination of
another medium (e.g., sOil contributing to ground-
water contamination). In these cases. i1 may be
appropriate to modify existing or develop new risk-
based PRGs for chemicals of concern in the first
medium. assuming that fate and transport models
can adequately predict the impacts of concern on
other media. EPA is presentiv developing
guidance on quantifying the impact of soil
contamination on underlying aquifers.

Chemicals of Concern. As with the initial
media of potential concern, the initial list of
specific chemicals of potential concern in a given
medium may need 1o be modified 10 reflect
increased information from the RI/FS concerning
the importance of the chemicals to the overall site
risk. Chemicals detected during the RI/FS that
were not anticipated during scoping should be
considered for addition to the list of chemicals of
potential concern; chemicals anticipated during
scoping that were not detected during the RI/FS
should be deleted from the list Ultimately, the
identity and number of contaminants that may
require risk-based PRGs depends both on the
results of the baseline risk assessment and the
extent of action required, given site-specific
circumstances.

Following the baseline risk assessment, any
chemical that has an associated cancer risk
(current or future) within a medium of greater
than 10 or an HI of greater than 1 should remain
on the list of chemicals of potential concern for
that medium. Likewise, chemicals that present
cancer risks of less than 10 generally should not
be retained on the list unless there are significant
concerns about multiple contaminants and
pathways.

Land Use. After the RUFS, one future land
use can usually be selected based on the results of
the baseline risk assessment and discussions with
the RPM. In manv cases, this land use will be the
same as the land use identified at scoping. In
other cases, however, additional information from
the baseline risk assessment that was not available
at scoping may suggest modifying the iniual land-
use and exposure assumptions. A qualitative
assessment should be made — and should be
available from the baseline risk assessment — of

the likelihood that the assumed future land use
will occur.

Lxposure Pathways, Parameters, uand
Equations. For exposure pathways, this process of
modifving PRGs consists of adding or deleting
exposure pathwavs from the medium-specific
equations in Chapters 3 and 4 to ensure that the
equation accounts for all significant exposure
pathways associated with that medium at the site.
For example, the baseline risk assessment may
indicate that dermal exposure 10 contaminanis in
soil is a significant contributor to site risk. In this
case, the risk-based PRGs may be modified by
adding equations for dermal exposure. EPA policy
on assessing this pathway is currently under
development; the risk assessor should consult the
Superfund Health Risk Technical Support Center
(FTS-684-7300 or 513-569-7300) to determine the
current status of guidance.  Likewise, when
appropriate data (e.g., on exposure frequency and
duration) have been collected during the RI/FS,
site-specific values can be substituted for the
default values in the medium-specific equations.

IDENTIFICATION OF
UNCERTAINTIES

282

The uncertainty assessment for PRGs can
serve as an important basis for recommending
further modifications to the PRGs prior to setting
final remediation goals. It also can be used during
the post-remedy assessment (see Section 2.8.4) 10
tdentify areas needing parucular attention.

Risk-based PRGs are associated with vaned
levels of uncertainty, depending on many factor.
(e.g., confidence that anticipated future land use is
correct). To place risk-based PRGs that have been
developed for a site in proper perspective. an
assessment of the uncertainties associated with the
concentrations should be conducted This
assessment is similar to the uncertainty assessment
conducted during the baseline risk assessment (see
RAGS/HHEM Part A, especially Chapters 6, 7,
and §8). In fact, much of the uncerainty
assessment conducted for a site’s baseline risk
assessment will be directly applicable to the
unceriainty assessment of the risk-based PRGs.

In general, each component of risk-basec
PRGs discussed in this chapter — from media of
potential concern to target risk level — should be
examined, and the major areas of uncertainty
highlighted. For example, the uncertainy
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associated with the seiected future land use should
be discussed.  Furthermore, the accuracy ol the
technical models used (e.g.. for volatilization of
contaminants from soil) 1o reflect site-specific
condittons  (present and future} shouid be
discussed.  If site-specific exposure assumpuons
have been made. it is parucularly important to
document the daia supporting those assumptions
and 10 assess their relevance for potentiaily
exposed populations.

As the chemical- and medium-specific PRGs
are developed. manv assumptions regarding the
RME individual(s) are incorporated. Although
PRGs are believed 10 be fully protective for the
RME individual(s), the proximiry of other nearby
sources of exposure (e.p., other CERCLA sites,
RCRA facilities, naturallv occurring background
conlamination) and/or the existence of the same
conaminants in multiple media or of multiple
chemicals affecing the same population(s), may
lead to a situation where, even afier attainment of
all PRGs, protectiveness is not clearly achieved
{e.g., cumulative risks may fall outside the risk
rangej. The more likelv it is that muitiple
contaminants, pathways, operable units, or other
sources of toxicants will affect the RME
individual{s), the more likely it will be that
protectiveness is not achieved. This likelihood
should be addressed when identifving uncertainties.
2.8.3 OTHER CONSIDERATIONS IN
MODIFYING PRGs

The NCP preamble anc rule state that factors
related to exposure, technical limitations, and
uncertainty should be considered when modifving
PRGs (see next two boxes) and setting final
remediation levels.

While the final remedial action objectives must
sausfy the original "threshold criteria” of protection
of human health and the environment and
compliance with ARARs, the factors in the
"balancing and modifving criteria” (listed in Section
1.3.2) also are considered in the detailed analysis
for choosing amony remedial alternatives. In cases
where the alternative that represents the best
balance of factors 1s not able to attain cancer risks
within the nisk range or an HI of 1, institutional
controls may be used 10 supplement treatment
and:or containment-based remedial action (o
ensure protection of human health and the
environment.

NCP PREAMBLE: EXPOSURE.
TECHNICAL. AND
UNCERTAINTY FACTORS
(S5 Federa! Regster 8717, March 8, 1990) !

“Prefinunary  remediatuion
revised based on the consideranon of 1
appropriate factors including, but not hmited to:
exposure factors. unceriamty factors, and technical l
factors. Included under exposure !actors are:
cumulauve eftect of mulupie contaminants. the
potenual for human exposure {rom other pathways
at the site. pepulation  sensiivities.  potentiai
IMpacts on environmental receplors. anc Cross-
media impacts of alternatives. Factors refated 10

20als may be

cumulanive heaith effects, ancd the rehability of
exposure gata. Techmical factors may include:
detection/quantificauon hinuts for contanunants.
technical imuations 1o remediation, the ability to
momior and control movemen: of contaminants.
and backgrounc leveis of contaminants. The final
selection of the appropnate nsk level s made when
the remedy is selected based on the balanaing of
critena....”

uncertainty may include: the rehabihry  of
alternatives, the weight of saenufic evidence ’
concerming  exposures  and  indmdual anc '

NCP RULE: EXPOSURE. TECHNICAL !

AND UNCERTAINTY FACTORS
(30 CFR 300.430(e)(2)(i))

*(i)...Remediation goals..shall be developed bv
considering the foliowing:

"(A) Applicable or relevant and appropnaie
requirements...anc the following factors: |

"1y For svstenuc
exposure levels..

1oxicants,  acceplable

"(2) For known Or suspected carcimnogens.
acceptabie exposure levels..

*(3) Factors related te technical hmiatons
such as detectionyquanuficanorn himus for
Contaminants:

"(4Y Factors relatec to unceriainty; anc

(3} Other perunent informaton.”

oS R R R
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Note that in the absence of ARARs, the 107
cancer risk "point of departure” 1s used as a
staruing point for analysis of remedial alternatives,
which reflects EPA’s preference for managing risks
at the more protective end of the risk range, other
things being equal. Use of "point of departure”
target risks in this yuidance does not reflect a
presumption that the final remedial action should
attain such goals. (See NCP preamble, 55 Federal
Register 8718-9.)

2.84 POST-REMEDY ASSESSMENT

To ensure that protective condilions exist after
the remedyv achieves all individual remediation
levels set out in the ROD. there generally will be
a site-wide evaluauon conducted following
completion of a site’s final operable unit (e.g.
during the five-vear review). This site-wide
evaluation should adequately characterize the
residual contaminant levels and ensure that the
posi-remedy cumuiative site risk is protective.
More detailed guidance on the post-remedy
assessment of site "protectiveness” is currently
under development by EPA.
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CHAPTER 3

CALCULATION OF RISK-BASED
PRELIMINARY REMEDIATION GOALS

This chapter presents standardized exposure
parameters, the derivation of risk equations. and
the corresponding “reduced” equations, for
calculating risk-based PRGs at scoping for the
media and land-use assumptions discussed in
Chapter 2 (i.e.. ground water, surface water, and
soil for residenual land use, and soil for
commercial/industrial land use). Both carcinogenic
and noncarcinogenic effects are addressed.
Sitandardized default exposure parameters
consistent with OSWER Directive 9285.6-03 (EPA
1991b) are used in this chapter; where defauit
parameters are not available in that guidance, the
references used are cited. If other media requiring
risk-based PRGs are identified during the RI/FS.
or other exposure parameters Or land uses are
assumed, then appropriate equations will need 1o
be modified or new ones developed.

Risk-based equations have been derived in
order to reflect the potential risk from exposure 10
a chemical, given a specific pathway, medium, and
land-use combination. By setting the total risk for
carcinogenic effects at a target risk level of 107
(the NCP’s point of departure for analysis of
remedial alternatives), it is possible to solve for the
concentration term (i.c., the risk-based PRG). The
total risk for noncarcinogenic effects is set at an
HI of 1 for each chemical in a parucular medium.
Full equations with pathway-specific default
exposure factors are presented in boxes with
uniformly thin borders. Reduced equations are
presented in the standard boxes (i.e., thicker top
and bottom borders). At the end of this chapter,
the case study that began in Chapter 2 is
concluded (by showing how to calculate and
present risk-based PRGs).

In general, the equations described in this
chapter are sufficient for calculating the risk-based
PRGs at the scoping stage of the RUFS. Note,
however, that these equations are based on
standard default assumptions that mav or mav not
reflect site-specific_conditions. When risk-based
PRGs are 1o be calculated based on site-specific

conditions. the risk assessor should modify the full
equations, and/or develop additional ones. Risk
equations for individual exposure pathwayvs for a
eiven medium are presented tn Appendix B of this
document, and may be used to develop and/or
modify the full equations. (See the introduction 10
Appendix B for more detailed instructions.)

Before examining the calculation of risk-based
PRGs. several impornant points should be noted:

+ Use of toxicity values 1n the cquations as
written currently assumes 100 percent
absorption effeciency. That is, for the sake of
simplicity at scoping, it is assumed that the
dose administered 1o 1est animals in toxicin
studies on which toxicity values are based was
fully absorbed. This assumption may need to
be revised in cases where toxicity values based
on route-to-route extrapolauon are used, or
there are significant differences in absorption
likely between contaminants in site media and
the contaminants in the vehicle used in the
toxicity studyv. Chapter 7 and Appendix A In
RAGS/HHEM Part A (EPA 1989d) provide
additional details on this point.

e The risk-based PRGs should contain at most
wo significant figures even though some of
the parameters used in the reduced equauons
carry additional significant figures.

« The equations presented in
calculate risk-based concentrations using
inhalation reference doses (RfDs) and
inhalation slope factors (SFs). If only the
reference  concentration (RfC) andjor
inhalation unit risk are available for u
particular compound in IRIS, conversion 1o an
RfD, and/or SF, will be necessary. Many
converted toxcity values are available 1n

HEAST.

this chapter

« All standard equations presented here
incorporate pathway-specific default exposure
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factors that generally reflect RME condiuons.
As detatied 1o Chapter 8 of RAGS/HHEM
Par: A (in the discussion on combining
pathway nisks [Secuon 8.3]). RME nisks from
one pathwayv should be combined with RME
risks from another pathway only where there
is good reason. Typically, RME from one
pathway is not likely to occur with RME from
another (unless there is a strong logical
dependent relatnionship between exposures
from the two pathwavs). If nsk-based
concentrations are developed for both the
water and the soil pathways. the risk assessor
ultimately may need 10 adjust exposure
assumptions from one pzthway (i.e., the one
with the lower RME) to less conservative
(more typical) values.

3.1 RESIDENTIAL LAND USE

3.1.1 GROUND WATER OR SURFACE
WATER

Under residential land use, risk from surface
water or ground-water contaminants is assumed to
be due pnmaruy o <Lool INRESUUTT @nu U
inhalation of volatiles from household water use.
Therefore, only these exposure pathwavs are
considered in this section. Additional exposure
pathways (e.g., dermal absorption) are possible and
may =2 significant at some sites for some
contaminants, while pernap- ~nly one exposure
pathway (e.g., direct ingestion of wate: onlyt may
be relevant at others. In any case, the risk-based
PRG for each chemical should be calculated by
considering all of the relevant exposure pathways.

in the case illustrated here, risks from two
exposure pathways from ground water or surface
water are combined, and the nisk-based
concentration is derived to be protective for
exposures from both pathways. Default risk from
ground water or surface water woulid be calculated
as follows ("total” risk, as used below, refers 1o the
combined risk for a single chemical from all
exposure pathways for a given medium):

Total risk = Risk from + Risk from inhala-
from water ingestion of tion of volatiles
water (adult) from household
water (adult)

At scoping, nisk from indoor inhalation of
volatiles is assumed to be relevant only for
chemicals that easily volatihze. Thus, the risk

€Qqualion Incorporates a waler-alr CONCLniration
relationship that 1s apphicable only to chemicals
with @ Henn's Law constant of greater than . x
10~ atm-m*/mole 2nd a molecular weicht of less
than 200 gsmole. These criteria are nol used to
screen out chemicals that are not of potental
concern for this exposure pathway but onlv 10
identifv those that generally should be considered
for the inhalation pathway when developing risk-
based PRGs earlv in the process. Chemicals that
do not meet these criteria may pose significant site
risks (and require risk-based goals) through
volatiles inhalauon. The ultimate decisior
regarding which contaminants should be
considered in the FS must be made on a site-
specific basis following completior of the baseline
risk assessment.

Based primarily on experimental data on the
volatilizaton of radon from household uses of
water, Andelman (1990) derived an equation that
defines the relauonship between the concentration
of a contaminant in household water anc the
average concentration of the volatilized
contaminant in air. In the denvaton, all uses of
household water were considered (e.g., showering,
laundering, dish washing). The equation uses a
default “volatilization” constant (K) upper-bound
value of 0.0005 x 1000 L'rm”. (The 1000 L/m~
conversion factor is incorporated into the equauon
so that the resulting air concentration 1s expressed
in mg/m>) Cerain assumptions were made in
deriving the default constant K (Andeiman 1990).
1'0f exampic, 11 15 assumed that the volume of
water used in a residence for a family of four is
720 L/day, the voiume of the dwelling is 150,000 L
and the air exchange rate is 0.25 m Ar
Furthermore, it is assumed that the average
transfer efficiency weighted by water use ic 30
percent (i.e., half of the concentration of each
chemical in water will be transfered into air by ali
waler uses [the range extends from 30% for toilets
to 9% for dishwashers]). See the Andeiman
paper for further deails.

Concentrations Based on Carcinogenic Effects.
Total risk for carcinogenic effects of certain
volatile chemicals would be calculated by
combining the appropriate inhalation and oral SFs
with the o intakes from water:

Towal = Sk, x Inwke from + SF x Intake from
nsk ingestion of inhalauon of
water vouues from

water




then
for

and
solve

Adding appropriale  parameters,
rearranging the eguauon 10
concentration. resuits in Equaton (1).

Equation (17) on the next page is the reduced
version of Equation (1) using the standard default
parameters, and 1s used to calculate the risk-based
PRG at a prespecified cancer risk level of 10°. It
combines the toxicity information of a chemical
with standard default exposure parameters for
residential land use 10 generate the concentration

of that chemical that corresponds to u 107
carcinogenic risk level due to that chemical
either the SF_ or SF, in Equauon (17) 15 not
available for a parucular chemical, the term
containing that variable in the equation cin be
tgnored or equated to zero (e.g.. for a chemical
that does not have SF, the term 7.5(SF) in
Equation (1) is ignored). If anv of the defauli
parameter values are changed 1o reflect site-
specific condiuons. the reduced equation cannot be
used.

RESIDENTIAL WATER — CARCINOGENIC EFFECTS

TR = SF xCxIR, xEFxED + SFxCxKxIR. xEFxED
BW x AT x 365 dayspr BW x AT x 365 daysyr
= EFxEDxCx [{SF_x IR ) + (SF x Kx IR}
BW x AT x 365 davsht
C (mg/L; risk- = TR x BW x AT x 365 davsAr (0
based) EFx ED x [(SF,x Kx IR,) + (SF,xIR})]
where:
Parameters Definition (unus) Defauit Value
C chemical concentration in water (mg/L) -
TR target excess indmdual lifeume cancer risk (unitless)  10™
SF, inhalauon cancer siope factor ((mgkg-day)?) chemical-specific
SF, oral cancer slope factor ((mg/kg-day)™) chemical-speaific
BW adult body weight (kg) 70 kg
AT averaging time (yr) 70 yr
EF exposure frequency (daysir) 350 daysnr
ED exposure duration (yr) 30 vr ‘
IR, daily indoor inhalation rate (m’/day) 15 m'/day |
IR, dailv water mgestion rate (L/day) 2 L/day l
K volatilization facior (unitless) 0.0005 x 1000 L/m’ (Andelman 1990) ‘
i

1.7 x 10
2SF.) + 7.5(SF)

Risk-based PRG =
(mgL; TR = 10°)

where:

SF,
SF,

t

oral slope factor it (mg/kg-day)?
inhalanon slope factor in (mg/Xg-day)”

|

REDUCED EQUATION: RESIDENTIAL WATER — CARCINOGENIC EFFECTS
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Concentrations Based on Noncarcinogenic Equation (27) orn the next page is the reduced

Effects.  Total HI would be czlcuylated by version of Equauon (2) using the standard default
combining the appropriate oral and inhalauon parameters. and is used 10 calculate the rnisk-hascd
RfDs with the two intakes from water: PRG at a prespecified HI of 1. It combines the
toxicity information of a chemical with standard
HI = [Iniake from oral ingestion exposure paramelers for residential land use to
RfD, generate the concentration of that chemical that
corresponds to an HI of 1. If either the RfD_ or
+  Intake fliofg inhalation RfD, in Equation (27) is not available for a

.

particular chemical, the term containing that
variable in the equation can be ignored or equaled
to zero (e.g.. for a chemical that does not have
R{D, the term 7.5RfD, in Equations (27) 1s
1gnored).

Adding appropriate parameters, and then
rearranging the cquation 10 solve for
concentrauon. results in Equation (2).

RESIDENTIAL WATER — NONCARCINOGENIC EFFECTS

THI = CxIR,xEFx ED + CxKxIR, xEFxED
RfD, x BW x AT x 365 daysht RfD, x BW x AT x 365 daysat

= EFxEDxCx [{I'RID_x IR,) + (1'RfD. x K x IR.)] !
BW x AT x 365 dayshr

C (mg/L: rnsk- = THI x BW x AT x 365 davsAt 2)
based) EF x ED x {(1/RD, x Kx IR,)) + (I/RfD,x IR,)]

where:

Parameters Definiuon Default Value

C chemical copeentration in water (mg/L) -

THI! target hazard index (unitless) 1

R{D, oral chronic reference dose (mg/kg-day) chemical-specific

RID, inhalation chronic reference dose (mg/kg-day) chemical-specific

BW adult body weight (kg) 70 kg

AT averaging time (yr) 30 yr (for noncarcinogens, equal 1o ED)

EF exposure frequency (davsnT) 350 daysnt

ED exposure duration (yr) 30y r
IR, daily indoor nhalation rate (m®/day) 15 m*day |
IR, daily water wmgestion rate (Liday) 2 Liday !
N volatilization factor (unitless) 0.0005 x 1000 L/m* (Andeimar 1990) ‘

REDUCED EQUATION: RESIDENTIAL WATER — NONCARCINOGENIC EFFECTS

Risk-basec PRG = 73 (29
(mg/l; THi = 1) [7S/RID, + 2R

where:

RfD, = oral chronic reference dose in mg/kg-day

RID, = nbalation chronic reference dose 1n mg/kg-day

—

Rl



3.1

s

SOIL
'
Under residennial land use, risk of the
contaminant from soil is assumed 10 be due to
direct ingestion of soil only.

Total risk trom soil = Risk from mgesnon of sail
{chil¢ to adull)

Because the soil ingestion rate is different for
children and adults, the risk due to direct ingestion
of soil is calculated using an age-adjusted ingestion
factor.  The age-adjusted soil ingestion factor
(1F qisag,) 1akes into account the difference in daily
soil ingestion rates, body weights, and exposure
durations for two exposure groups — children of
one 10 six yvears and others of seven 10 31 vears.
Exposure frequency (EF) is assumed 10 be
identical for the 1wo exposure groups. For
convenience, this factor is calculated separately as
a ume-weighted soil intake, normalized to body
weight, that can then be substituted in the total
intake equauon. Calculated in this manner, the
factor leads 10 a more protective risk-based
concentration compared 10 an adult-only
assumption. Note that the ingestion factor is in
units of me-vr/kg-dav. and therefore is not directly
comparable 10 dailv soil intake rate in units of
mg/kg-dav. See the box containing Equation (3)
{or the calculation of this factor.

Additional exposure pathways (e.g., inhalation
of particulates, inhalation of volatiles, ingestion of
foodcrops contaminated through airborne
particulate deposits, consumption of ground water
contaminated by soil leachate) are possible at some
sites. The risk assessor should evaluate whether

inhalation  or other exposure pathwavs 2are
sienificant at the site.  Generally, tor mam
undisturbed sites with vegelauve cover such as
those found in areas of residential land use. air
pathwavs are relatively minor contributors of risk.
Greater concerrn for baseline risk via air pathways
exists under commercialiindustrial  land-use
assumptions. given the increased acuvity levels
likely (see Section 3.2.2). Air pathway nsks also
lend to be major concerns during remedial acton
(see RAGSHHEM Part Cy. If these other
pathways are known to be significant at scoping,
Appendix B and/or other mformation shouid he
used 1o develop site-specific equauons {or the nisk-
based PRGs.

Concentrations Based on Carcinogenic Effects.
Total risk for carcinogenic effects would be
calculated by combining the appropniate cral SF
with the intake from soil.

Total nsk = SF_ x Iniake from ingesuon of soil

Adding appropriate parameters, and then
rearranging the equaton to solve for
concemration, results in Equation (4).

Equation (4 ") bejow is the reduced version of
Equation (4) wusing the standard default
parameters, and is used to calculate the risk-basec
PRG at a prespecified cancer risk level of 10°. It
combines the toxicity information of a chemical
with standard exposure parameters for residentia!
land use 10 generate the concentration of that
chemical that corresponds to a 10 carcinogenic
risk level due to that chemical.

AGE-ADJUSTED SOIL INGESTION FACTOR
IF fing, (me-yr/kgday) = IR, g, XED o IR pagernn X ED ey S ’
B\vn&tld 273l !
Parameter Definition Default Vaiue ‘
1
IF i, age-adjusted soil ingestion factor (mg-yr/kg-day) 114 mg-yr/kg-day |
BW, 1 average body weight from ages 1-6 (kg) 15 kg
BW, average body weight from ages 7-31 (kg) 70 kg
ED,rrs exposure duration during ages 1-6 (y7) 6 y1 !
ED, o1 exposure duration during ages 7-31 (v1) RO ¢
IR apeia ingestion rate of soil age 1 to 6 (mgday) 200 mgday
IR ager 1 ingestion rate of soil all other ages (mg/day) 100 mgsdav




AT x 3635 daysar

C (mgkg; nsk-

RESIDENTIAL SOIL — CARCINOGENIC EFFECTS

SF.x Cx10° kemex EF x 1F__ 4

TR x AT x 365 davs~ear

based)
where:

Parameters Definiior {units)

SF, x 10® kgmg x EF x {F,

C chemucal concentration in soil (mg/kg) - y
TR target excess individua! lifetime cancer nisk (unitless) 107

SF. orai cancer slope factor ((mg/kg-day)") chemicar-specific

AT averaging nme (y7) 70 yr

EF exposure frequency (daysAT) 350 daysnt

IF s age-adjusted ingesuion factor (mg-yr/kg-day) 114 mg-yr/kg-day (see Equation (3))

(4\

Default Value

REDUCED EQUATION: RESIDENTIAL SOIL — CARCINOGENIC EFFECTS

Risk-based PRG = 0.64

{mgkg: TR = 10%) SF,

where:

SF, = oral slope factor 1n (mg/kg-day)’

(49

PO

Concentrations Based on Noncarcinogenic
Effects.  Total Hl would be calculated by
combining the appropriate oral RfD with the
intake from soil:

Hl = lIntake from ingestion

RfD,
Adding appropriate paramelers, and then
rearranging the equauon to solve for

concentration, resulis in Equation (5).

Equation (37) is the reduced version of
Equation (5) using the standard default
parameters, and is for caiculating the nisk-based
PRG at a prespecified HI of 1. It combines the
toxacity information of a chemical with standard
exposure parameters for residential land use to
generate the concentration ol that chemical that
corresponds to an HI of 1.

3.2 COMMERCIAL/INDUSTRIAL
LAND USE
32.1 WATER

Once ground water 1¢ determined 1o b
suitable for dnnking. risk-based concentrations
should be based on residential exposures. This s
because the NCP seeks 10 require protection o:
ground water to allow for 115 maximum beneficiai
use (see Section 2.3). Thus. under the commercial
industrial land-use scenario, risk-based PRGs for
ground water are calculated according 1C
procedures detailed in Section 3.1.1. Similarly, for
surface water that is 10 be used for drinking, the
risk-based PRGs should be calculated for
residential populations, and not simply worker
populations.




THI = Cx10%kemex EFx IF, .0

RiD, x AT x 365 davsnar

C (mgkg nsk- = THI x AT x 365 davsar

based) URMD, x 10" kgmg x EF x 1F .
where:

Parameters Definitton (units)

C chemical concentration in soil (mgkg)
THI target hazard index (unitless)

RfD, oral chronic reference dose (mgkg-day)

AT averaging time (yr)
EF exposure frequency (daysAr)
IF ingy age-adyusted ingestion factor (mg-yr/kg-day)

RESIDENTIALf SOIL — NONCARCINOGENIC EFFECTS

Defauli Value

1

chemical-spectfic

30 yr (for noncarcinogens, equai to ED (which
is incorporated in IF,; 1)

350 dayshr

114 mg-y/kg-day (see Equation (3))

Risk-based PRG =
(mg/kg; THI = 1}

2.7 x 10° (RD,)

where:

RID, = oral chronic reference dose in mg/kg-day

REDUCED EQUATION: RESIDENTIAL SOIL — NONCARCINOGENIC EFFECTS

322 SOIL

Under commercial/industrial land use, risk of
the contaminant from soil is assumed 1o be due 10
direct ingestion, inhalation of volatiles from the
soil, and inhalation of particulates from the soil.
and is calculated for an adult worker only. For
this rype of land use, it is assumed for calculating
default risk-based PRGs that there is greater
potential for use of heavy equipment and related
traffic in and around contaminated soils and thus
greater potential for soils to be disturbed and
produce particulate and volatile emissions than in
mos! rtesidential land-use areas.  Additional
exposure pathways (e.g., dermal exposure) are
possible at some sites, while perhaps only one
exposure pathway (e.g., direct ingestion of soil
only) may be relevant at others; Appendix B may
be used to identify relevant exposure pathwavs 10
be combined. In such cases, the risk is calculated
by considering all the reievant exposure pathways
identified in the RL

In the default case illustrated below. intakes
from the three exposure pathways are combined
and the risk-based PRG is derived to be protecuve
for exposures from all three pathways. In this case.
the risk for a specific chemical from soil due 10 the
three exposure pathways would be calculated as
follows:

Total nisk
from soil

Risk from wngestion of sail (worker

+ Risk from inhalation of volatiles from
sou (worker)

+ Risk from inhalation of paruculates
from soil (worker)

It is possible 10 consider only exposure pathways of
site-specific importance by deriving a site-specific
risk-based PRG (e.g., using the eguations :n
Appendix B).




Concentrations Based on Carcinogenic Effects,
Total risk for carcinogenic effects would be
calculated by combining the appropriate inhalation
and oral SFs with the three intakes from soil:

Torta! risk = SF_, x Intake from ingestion of soil
(worker)
hY
+ SF,  x Intake from inhalauon of
volaules from soil (worker)
+ SF,  x Intake from inhalaton of
paruculates (worker)
Adding appropriate parameters, and then
rearranging the equation 10 solve for

concentration. results in Equation (6). As
discussed in more detail in Section 3.3.1, Equation
(6a) 1s used 1o test the results of Equation (6).

Equation (67) is the reduced version of
Equation (6) using the standard default
parameters, and is used 1o calculate the risk-based
PRG at a prespecified cancer risk level of 10°. It
combines the toxicity information of a chemical
with  standard exposure parameters for
commercial/industrial land use 10 generate the
concentration of that chemical that corresponds to
a 10® carcinogenic risk level due 10 that chemical.

Concentrations Based on Noncarcinogenic
Effects.  Total HI would be caiculated by
combining the appropriate oral and inhalation
RfDs with the three intakes from soil:

HI = Intake from ingestion
RID,
(Intake from inhalation of volaules
+ and particulates)
RD,
Adding appropriate parameters, and then
rearranging the equation 1o solve for

concentration, results in Equation (7).

Equation (77) is the reduced version of
Equation (7) using the standard default
parameters, and is used to calculate the risk-based
PRG at a prespecified HI of 1. It combines the
toxicity information of a chemical with standard
exposure parameters for commercial/industrial land
use to generate the concentration of that chemical
that corresponds to an HI of 1.

3.3  VOLATILIZATION AND
PARTICULATE EMISSION
FACTORS

331  SOIL-TO-AIR VOLATILIZATION

FACTOR

The volatilization factor (VF) 15 used for
defining the relationship between the
concentration of contaminants in soil and the
volatilized contaminants in air. This relationship
was estabiished as a part of the Hwang and Falco
(1986) model developed by EPA's Exposure
Assessment Group (EAG). Hwang and Falco
present a method intended primarily 1o estimate
the permissible residual levels associated with the
cleanup of contaminated soils. This method has
been used by EPA in estimating exposures to PCBs
and 2.3,7,8-TCDD from contaminated soil (EPA
1986, EPA 1988a). One of the pathways
considered in this method is th intake by
inhalation of volatilized contaminants.

The basic principle of the Hwang and Falco
model is applicabie oniy if the soil contaminant
concentration is at or below saturation. Saturation
is the soil contaminant concentration at which the
adsorptive limits of the soil particles and the
solubility limits of the available soil moisture have
been reached. Above saturation, pure liquid-phase
contaminant is present in the soil. Under such
conditions, the parual pressure of the pure
contaminant and the partial pressure of air in the
interstitial soil pore spaces cannot be calculated
without first knowing the mole fraction of the
contaminant in the soil.  Thercfore. above
saturation, the PRG cannot be accurately
calculated based on volatilization. Because of this
limitation, the chemical concentration in soil (C)
calculated using the VF must be compared with
the soil saturation concentration (C_, ) calculated
using Equation (6a) or (7a). If Cis greater than
C,,. then the PRG is set equal 1o C,,.

The VF presented in this section assumes that
the contaminant concentration in the soil is
homogeneous from the soil surface 10 the depth of
concern and that the contaminated material is not
covered by contaminant-free soil material. For the
purpose of calculating VF, depth of concern is
defined as the depth at which a near impenetrable
laver or the permanent ground-water level is
reached.




COMMERCIALINDUSTRIAL SOIL — CARCINOGENIC EFFECTS 4‘
R = SExCx10”kamexEFxEDxIR,, + SFxCxEFxEDx R, x(INF + :PEF,
BEW x AT x 305 davsnr BW x AT x 365 davsnt !
i
C{mgkgnsk- = TR x BW x AT x 365 davsnt T
based ) EF x ED x [(SF, x 10™ kgyme x IR, + (SF. x IR, x [IVF + L PEF)Y ;
where: ‘
Parameters Defimuon (units) Default Value
C chemucal concentration in soui (mgkg) -
TR target excess individual lifetime cancer nisk (unitiess) 107
SF, nhalation cancer slope factor ((mg/kg-day)!) chemical-speafic
SF, ora! cancer slope factor ((mgkg-dav)™?) chemical-speaific
BW adult body weight (kg) 70 kg
AT averaging ume (y7) 70 yr
EF exposure frequency (daysAt) 250 daysnt j
ED exposure duration (yr) Sy
IR, soil ingestion rate {mg/day) 50 mg/day
IR, workday inhalation rate (m’/day) 20 m>/day
VF soil-to-air volatilization factor (m’/kg) chemicai-specific (see Sectior 3.3.1)
PEF particulate emission factor(m*/kg) 4.63 x 10°m*/kg (see Secuon 3.3.2)
Cu = (Kgxsx) + (sX6,) (6a)
where:
Parameters Definition {units) Default Value '
C. soil saturation concentration {mgXg) - |
K, sou-water partition coefficient (L/kg) chemical-specific, or k_  x OC ‘
K. organic carbon partition coefficient (Lkg) chemical-specific .
ocC organic carbon content of soil (fraction) site-specific, or 0.02 5
s solubility (mg/L-water) chemical-specific !
n, soil moisture content, expressed as a weight fraction  site-specific |
8, sott maowsture content, expressed as L-water/kg-sail site~specific {
x _J
REDUCED EQUATION: COMMERCIAL/INDUSTRIAL SOIL — CARCINOGENIC EFFECTS
I
Risk-based PRG = 26 x 10* ©
(mgkg, TR = 109 [((5x 10°)x SF,) + (SF. x ({20/VF) + (43 x 10%))] |
)
where: |
!
SF, = oral siope factor in (mg/kg-day)’ }
SF, = inhalation slope factor in (mg/kg-day)’ l
VF = chemical-specific soil-to-air volatilization factor in m’/kg (see Section 3.3.1) '
If PRG > C,,, then set PRG = C,, (where C,,, = soil saturation concentration (mg/g); see Equation (64) !
and Section 3.3.1). i
|

P




C (mgXkg:
nsk-based)

where:

Parameters

COMMERCIALINDUSTRIAL SOIL. — NONCARCINOGENIC EFFECTS

Cx 10 kgmex EFxEDx IR, -
RD, x BW x AT x 365 davsar

THI x BW x AT x 365 daysnr

CxEFxEDX IR, » (INT « 1 PEE

RID x BW x AT x 365 caysar

ED x EF x [((1/RfD,) x 10" kgrmg x IR} = ((VRD) x IR, x (1VF + 1’PEF))]

Definiion (units)

Defaulr Vaiue

Section 3.3.1).

C chemucal concentranorn in soil (mg/kg) -
THI1 target hazard index (unitless) 1
RD, oral chronic reference dose (mg/kg-day) chemical-speciiic
R{D, inhalation chronic reterence dose (mg/kg-dav) chemical-speciiic
BW adult body weight (kg) 70 kg
AT averaging time (yr) 25 vr (atways equal to ED)
EF exposure frequency (davsiaT) 250 daysnr
ED exposure duration (yr' 25yt !
IR, soil ingestion rate (mesday) 50 mg/day
IR,, workday mhalation rite (m7/day) 20 m’/dav
VF soil-1o-air volatilization factor (m*/kg) chemical-specific (see Sectior. 3.2.1)
PEF particulate emussion factor (m’/kg) 463 x 10° m’/kg (see Secuon 3.3.2)
Ca = (Kyxsxng) + (sx8) {7a)
where:
Parameters Definition_(unts) Default Value
C.. soil saturation concentration (mg/kg) -
K, soil-water parution coefficien: (L/kg) chemical-speaific. or K x OC
K. organic carbon parution coefficient (L/kg) chemical-specific
OC organic carbon content of soil (fraction) site-specific, or 0.02
s solubility (mg/L-water) chemicai-specific
N, soil moisture content, expressed as a weight fraction  site-specific
€. soil moisture content, expressed as L-water/kg-soil site-specific
{
]
REDUCED EQUATION: COMMERCIAL/INDUSTRIAL SOIL — NONCARCINOGENIC EFFECTS }
|
Risk-based = 102 Ty
PRG (mgXg; (5 x 10°/RID,) + ((I/RD) x ((20/VF) + (43 x 10*)))]
THI = 1)
where:
N = orai chronic reference dose in mgfkg-day
RD, = inhalauon chronic reference dose in mg/kg-day
VF = chemcal-specific soii-to-air volatilization factor in m’/kg (see Secuon 2.3.1)
If PRG > C

o then set PRG = C, (where C, = soil saturation concentration (mg/kg}; see Ecuation (7a) ang l
|

_E



A chemical-specific value for VF is used in the
standard default equations (Equations (6). (67,
{7y and (77) in Secuion 3.2.2) and is developed in
Equation (8). The VT value calculated using
Equauon (8) has beer developed for specific use in
the other equations in this guidance: it may not be
applicable in other technical contexts. Eguation
(8) lists the standard default parameters for
calculating VF. If site-specific information 1s
available, Equation (8) may be modified 1o
calculate a V'F that is more appropriate for the
particular site.  Supporting references should be
consulted when substituting site-specific data 10
ensure that the model and specific parameters can
be approprnately applied 10 the given site.

332 PARTICULATE EMISSION FACTOR

The paruculate emussion factor (PEF) relates
the contaminant concentrauon in soil with the
concentration of respirable parucles (PM, ) in the
air due to fugitive dust emissions from surface
contamination sites. This relationship s derved
bv Cowherd (1985) for a rapid assessment
procedure applicable 1o a typical hazardous waste
site where the surface contaminauon provides a
relatively continuous and constant potenual for
emission over an exiended period of ume (e.g.,
vears). The partculate emissions {rom
contaminated sites are due to wind erosion and,
therefore. depend on the erodibility of the surface

VE(mkg) = (LSxVxDH> X
A

where:

a (cms) = (D, x E)

E + (p)(1-EVK,

SOIL-TO-AIR VOLATILIZATION FACTOR I

2idx e x D R

(2xD_x Ex K, x 107 kgg)

Standard default parameter values that can be used to reduce Equauon (8) are listed below. These represent "typical” l
values as identified 1t a number of sources. For exampte, when site-specific values are not avaiabie. the length of &

side of the contaminated area (LS) 1s assumed 1o be 45 m; this 1s based on a contaminated area o! 0.5 acre wnich !
approximates the size of an average residennal lot. The "rypical” values LS, DH, and V are from EPA 1986, "Typical”
values for E, OC, and p, are from EPA 1934, EPA 1988b, and EPA 1988f. Site-specific data should be substrutec |
for the default values hsted beiow wherever possibie. Standard values for chemical-speaific D, H. and K, can tx 3
oblamed bv cathing the Superfund Heaith Risk Techmical Support Center.

Parameier Defininon (units) Default |
VF volarilization factor (m’/kg) - ‘
LS length of side of contanunated area (m) 45 m 1
A% wind speed In muang zone (n's) 225 ms
DH diffusion height (m) 2m
A area of contaminalion (¢m-} 20.250.000 cm*
D, effective diffusmity (cms) D, x E¥
E true sail porosity (unttless) 0.35
K. soil/air partinon coefficient (g soillem’ air) (H/K) x 41, where 41 15 a units

conversion factor Z
P, true soil density or paruculate density (grem®)  2.65 grem? ;
T expasure nterval (s) 79x10%s
D, molecular diffusmty (cm®ss) chemical-specific
H Henry's law consiant (atm-m’;mol) chemical-specific
K, soil-water paruition coefficient (cm’/g) chemical-specific, or K x OC
K. organic carbon partition coefficient (cm’/g) chemical-specific
oC oreanic carbon content of sail (fraction) site-specific. or 0.02




material. The equation presentec below, Equauon
(9). s representative of a surface with "ynlimited
erosion potential.” which s characterized by bare
surfaces of finelv divided material such as sandy
agricultural soil with a large number ("unlimited
reservoir™) of erodible particles. Such surfaces
erode at low wind speeds. and particulate emission
rates are relatively time-independent at a given
wind speed.

Using the default parameter values given in
the box for Equation (9. the default PEF is equal
10 4.63 x 10° m*/kg. The default values necessary
10 calculate the flux rate for an “unlimited
reservoir” surface (ie.. G, U, U, and F(x)) are
provided by Cowherd (1985), and the remaining
default values (ie., for LS, V, and DH) are
“rypical” values (EPA 1986). If site-specific
information is available, Ecuvatior (9) may be

modified to «calculate a PEF that is more
This mode!l was selected for use iIn appropriate for the parucular site. Again. the
RAGS/HHEM Pant B because it represents a original reference shouid be consulied when
conservative estimate for intake of particulates; it substituting  site-specific data 10 ensure
is used to derive Equations (6) and (7) in Section applicability of the model to specific site
3.2.2 conditions.
PARTICULATE EMISSION FACTOR
PEF (m/kg) = LS x V x DH x 3600 shr X 1000 g’ke 9y
A 0.036 x (1-G) x (UL Y x Fix;
where:
Parameter Definition (units) Defaull
PEF particulate emission factor (m*/kg) 4.63 x 10° m’/kg
LS widtk of contaminated area (m) 45 m
v wing speed in mxing zone (m/s) 225 mps
DH diffusion height (m) 2m
A area of contamination (m*) 2025 m*
0.036 respirable fraction (g/m-br) 0.036 g/m*-hr
G fraction of vegetative cover (unitless) 0
U, mean annual wind speed (m’s) 45 ms
U equivalent threshold value of wind speed 28 mss
at 10 m (mss)
F(x) function dependent on U, /U, {unitiess) 0.0497 (determined using Cowherd 1985)
3.4 CALCULATION AND the lower "of the two values is considered the

PRESENTATION OF RISK-
BASED PRGs

The equations presented in this chapter can be
used (o calculate risk-based PRGs for both
carcinogenic and noncarcinogenic effects. [f both
2 carcinogenic and a noncarcinogenic risk-basec

PRG are calculated for a particular chemcal. then

appropriate rnisk-based PRC  for anv _gven
contaminant. The case-study box below illustrates
a calculation of a nsk-based PRG. A summany
table — such as that in the final case-study box —
should be developed to present both the risk-based
PRGs and the ARAR-based PRGs. The 1able
should be labeled as to whether it presents the
concentrations that were developed during scoping
or after the baseline nsk assessment.




CASE STUDY: CALCULATE RISK.BASED PRGs’

Risk-based PRGs lar erounc water 1or 1sophorone. one O the chemucals detectec in grounc-waler monitening
wells at the site. are caculalec beiow. Imnal nsk-based PRGs for 1ISOPhOrone (Carcinogeni anc NONarcinueenic
effects) are cervec using Equanons (17 and (27) in Secuon 3.1.1. Eguauons (1) and (27} compine the 1omaly
informauaa of the cnemical (orat RfD of 0.2 mekg-day and oral SF of 0.0039 {mgke-davi '’ innalanon vaives are
no:i avallable anc. theretore, eniv the oral exposure route is considered) with stancard expesure parameters. The
calculated concentratens i mgl corrcspond 10 a target nsk of 10® and a targer HQ of 1. as foliows:

Carcmogenic = 1 "x 10" Noncarcinogenic = 73
nsk-based PRG 2(SF,) nisk-basec PRG 2RD.
= L7x10% = 73
2(0.0039: 200
= 0022 mgl = 73 mgl

The lower of the two values (1e., 0.022 mg/L) 1s selected as the appropnale nsk-based PRG. Risk-based PRGs are
calculated simiiarly for the other chemicals of concer

* All information 1n this example 1s for lustrauon purposes oniv.

CASE STUDY: PRESENT PRGs DEVELOPED DURING SCOPING’

Sune: XYZ Ce. Land Use: Residennal
Location: Anytown. Anvstate Exposure Routes:  Water Ingestion. Inhalauon o!
Medium: Ground Water Volauies
Risk-based PRGs !
(mg/L)" ARAR-based PRG !
Chemucal ‘
10 HO =1 l Tvpe Concentrauon (mg/L) j1
Benzene — — MCL 0.005 I
Carbon Tetrachionde — — MCL 0.002 ‘I
Ethyvibenzene — — MCLG : Q7% ;
MCL 0.7 ;
Hexane - 0.33 — — l
Isophorone 0.022°+ 73 — - i
Tnallate - 047 — — |
1.1,2-Trichloroethane - - MCLG 0.003*=" |
MCL 0.005 !
Vinvl chionde — - MCL 0.002 l

Al informauon in this exampie is for illustration purposes only.

These concentrations were calculated using the standard defaull equations 1in Chapter 2.

Of the wo potenual nisk-based PRGs for this chemucal, this concentration is the selected nsk-based PRG.
Of the two potenual ARAR-based PRGs for this chemucal. this concentrauon is selected as the ARAR-
based PRG.




CHAPTER 4

RISK-BASED PRGs FOR
RADIOACTIVE CONTAMINANTS

This chapter presents standardized exposure
parameters, derivations of risk equations, and
"reduced” equations for calculating risk-based
PRGs for radioactive contaminants for the
pathways and land-use scenarios discussed in
Chapter 2. In addition, a radiation site case study
Is provided at the end of the chapter to illustrate
(1) how exposure pathways and radionuclides of
potential concern (including radioactive decay
products) are identified, (2) how initial risk-based
PRGs for radionuclides are calculated using
reduced equations based on information available
at the scoping phase, and (3) how risk-based PRGs
can be re-calculated using full risk equations and
site-specific data obtained during the baseline risk
assessment. Chapters 1 through 3 and Appendices
A and B provide the basis for many of the
assumptions, equations, and parameters used in
this chapter, and therefore should be reviewed
before proceeding further into Chapter 4. Also,
Chapter 10 in RAGS/HHEM Part A should be
consulted for additional guidance on conducting
baseline risk assessments at sites contaminated
with radioactive substances.

In general, standardized default exposure
equations and parameters used 10 calculate risk-
based PRGs for radionuclides are similar in
structure and function to those equations and
parameters developed in  Chapter 3 for
nonradioactive chemical carcinogens. Both tvpes
of risk equations:

e Calculate nisk-based PRGs for each carcinogen
corresponding 10 a pre-specified target cancer
risk level of 10°. As mentioned in Section
2.8, target nisk levels may be modified after the
baseline risk assessment based on site-specific
exposure conditions, technical limitations, or
other uncertainties, as well as on the nine
remedy selection criteria specified in the NCP.

e Use standardized default exposure parameters
consistent with OSWER Directive 9285.6-03
(EPA 1991b). Where default parameters are

not available in that guidance document, other
appropriate reference values are used and
cited.

+ Incorporate pathway-specific default exposure
factors that generally reflect RME conditions.

There are, however, several important areas in
which risk-based PRG equations and assumpuons
for radioactive contaminants differ substanuaily
from those used for chemical contaminants.
Specifically, unlike chemical equauons, risk
equations for radionuclides:

e Accept input quantities in units of actvity
(e.g., picocuries (pCi)) rather than in units cf
mass (e.g., milligrams (mg)). Activity units are
more appropnate for radioactive substances
because concentrations of radionuchides in
sample media are determined by direct
physical measurements of the activity of each
nuclide present, and because adverse human
health effects due 1o radionuclide intake or
exposure are directly related to the amount.
type, and energy of the radiation deposited I
specific body tissues and organs.

e Consider the carcinogenic effects o
radionuclides only. EPA designates all
radionuclides as Class A carcinogens based on
their property of emitting jonizing racdiation
and on the extensive weight of epidemioiogical
evidence of radiation-induced cancer in
humans. At most CERCLA radiation sites.
potential health risks are usually based on the
radiotoxicity, rather than the chemical toxicity.
of each radionuclide present.

e Use cancer slope factors that are best
estimates (i.e., median or 50th percennle
values) of the age-averaged, lifetime excess
total cancer risk per unit intake of ¢
radionuclide (e.g., per pCi inhaled or ingested)
or per unit external radiation exposure (e..
per microRoentgen) 10 gamma-eittine
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radionuclides. Slope factors given in IRIS and
HEAST have been calculated for individual
ragionuciides based on their unique chemical.
metabolic, and radiological properties and
using a non-threshold, linear dose-response
model. This model accounts for the amount
of each radionuclide absorbed into the body
from the gastrointestinal tract (by ingestion)
or through the lungs (by inhalation), the
distribution and retention of each radionuchde
in body tissues and organs, as well as the age,
sex. and weight of an individual at the time of
exposure. The model then averages the risk
over the lifetime of that exposed individual
(i.e,, 70 vears). Consequently, radionuclide
slope factors are not expressed as a function of
body weight or time, and do not require
corrections for gastrointestinal absorption or
lung wransfer efficiencies.

Risk-based PRG equations for radionuclides
presented in the following sections of this chapter
are derived initially by determining the total risk
posed by each radioactive contaminant in a given
pathway, and then by rearranging the pathway
equation 1o solve for an activity concentration set
equal to a target cancer risk level of 10°. At the
scoping phase, these equations are "reduced” ~ and
risk-based PRGs are calculated for each
radionuclide of concern — wuwsing standardized
exposure assumptions for each exposure route
within each pathway and land-use combination.
After the baseline risk assessment, PRGs can be
recalculated using full risk equations and site-
specific exposure information obtained during the
RIL

4.1 RESIDENTIAL LAND USE

4.1.1 GROUND WATER OR SURFACE
WATER

Under the residential land-use scenaro, risk
fiom ground-water or surface water radioactive
contaminants is assumed to be due primarily to
direct ingestion and inhalation of volatile
radionuclides released from the water to indoor
air. However, because additional exposure routes
(e.g., external radiation exposure due 10
immersion) are possible at some sites for some
radionuclides, while only one exposure route may
be relevant at others, the risk assessor always
should consider all relevant exposure routes and
add or modify exposure routes as appropriate.

In the case illustrated below. risks from the
two default exposure routes are combined. as
foliows:

Toial risk =
from water

Risk from ingesticn of racionucihdes
In water (adull)

+ Risk from indoor inhalation of volatiie
radionuchdes reieased from water
(adult)

At the scoping phase, risk from indoor
inhalation of volatile radionuclides is assumed to
be relevant only for radionuclides with a Henrv's
Law constant of greater than 1 x 10~ atm-m>/mole
anc a molecular weight of less than 200 g/mole.
However, radionuclides that do not meet these
criteria also may. under certain site-specific water-
use conditions. be volatilized into the air from
water, and thus pose significant site risks (and
require risk-based goals). Therefore, the ultimate
decision regarding whick contaminants should be
considered must be made by the risk assessor on a
site-specific basis following completion of the
baseline risk assessment.

Total carcinogenic risk 1s calculated for each
radionuclide  separately by combining it
appropriate oral and inhalation SFs with the two
exposure pathways for water, as follows:

Total risk = SF, x Imake from ingestion of
of radionuchdes
+ SF x  Intake from inhalation of

volatiie radionuciides

By including appropriate exposure parameters for
each tvpe of intake. rearranging and combining
exposure terms in the total risk equation. and
setting the target cancer risk level equai to 107,
the nisk-based PRG equation is derived as shown
in Equation (10).

Equation (107), presented in the next box. is
the reduced version of Equation (10) based on the
standard default values histed below. It is used o
calculate risk-based PRGs for radionuclides in
water at a pre-specified cancer risk levei of 10 by
combining each radionuclide’s toxicity data with
the standard default values for residential land-use
exposure parameters.

After the baseline risk assessment, the risk
assessor may choose 10 modify one or more of the
exposure parameter default values or assumptions




RADIONUCLIDE PRGs: RESIDENTIAL WATER — CARCINOGENIC EFFECTS !

Toal risk = [SF,x RWx IR, x EF x ED] + [SF x RW x K x IR, x EF x ED}]

RW (pC1L; = TR (10 v(
risk-based) EF x ED x [(SF, x IR,} + (SF, x Kx IR,)] 1
where:

Parameters Definition (units) Default Value

RW radionuciide PRG 1n water (pCi/l) —

TR target excess individual hfetime cancer risk (umtless)  10°

SF, inhalation stope factor (risk/pCi) radtonuchide-specific

SF, oral (ingesuion) slope factor (risk/pCi) radionuclide-specific

EF exposure frequency (davsAtT) 350 davsnT

ED exposure duraton (yr) 50w i
IR, daily indoor inhalation rate (m*/day) 15 m’iday ‘
IR, daily water ingestion rate (L/day) 2 Liday

K vofatilization factor (unitless) 0.0005 x 1000 Lm’ { Andetman 1990)

95 x 101
2ASE,) + 75(SF)

Risk-based PRG =
(pCi/L: TR = 10%)

in the risk equanons to reflect site-specific
conditions. In this event, radionuclide PRGs
should be calculated using Equation (10) instead of
Equation (107).
4.1.2 SOIL

Under residential land-use conditions. risk
from radionuclides in soil is assumed to be due to
direct ingestion and external exposure to gamma
radiation. Soil ingestion rates differ for children
and adults, therefore age-adjusted ingestion rate
factors are used in the soil pathway equation.
Calculation of the risk from the external radiation
exposure route assumes that any gamma-emitling
radionuclide in soil is uniformly distributed in that
soil within a finite soil depth and density, and
dispersed in an infinite plane geometry.

REDUCED EQUATION FOR RADIONUCLIDE PRGs:
RESIDENTIAL WATER — CARCINOGENIC EFFECTS

where:
SF, = oral (ingestion) slope factor (risk/pCi)
SF, = inhalanon slope factor (nsk/pCi)

R IE————.,

The calculation of external radiation exposure
risk aiso inctudes two additional factors. the
gamma shielding factor (S} and the gamma
exposure time factor (T ), which can be adjusted 1o
account for both attenuation of radiation fields due
10 shielding (e.g.. by structures, terrain. or
engineered barriers) and for exposure umes of less
than 24-hours per day, respectively. S_ is expressed
as a fractional value between 0 and 1, delineating
the possible risk reduction range from 0% to
100%, respectively, due 10 shielding. The default
value of 0.2 for S, for both residential and
commercial/industrial land-use scenanos reflecis
the initial conservative assumption of a 20
reduction in external exposure due to shielding
from structures (see EPA 1981). T, is expressed as
the quotient of the daily number of hours an
individual s exposed directly t0 an external
radiation field divided by the total number of
exposure hours assumed each day for a given land-




use scenario (i.e., 24 hours for residential and 8
hours for commercialindustrial). The¢ detauit
value of | for T, for both land-use scenarios
reflects the conservative assumptions of a 23-hr
exposure duration for residzntiai populauons (Le..
24724 = 1) and an &-hr exposure duration for
workers (i.e.. 8/8 = 1). Values for both factors can
{and, if appropriate. should) be modified by the
risk assessor based on site-specific conditions.

In addition 1o direct ingestion of soil
contaminated with radionuctides and exposure 1o
external radiation from gamma-emitling
radionuclides in soil, other soil exposure routes are
possible, such as inhalation of resuspended

radioacive  particles. inhalation of volatile
radionuclides, or ingestion of foodcrops
contaminated by root or leaf uptake. The risk

assessor should therefore identify all relevant
exposure routes within the soil pathway and. if
necessary, develop equations for risk-based PRGs
that combine these exposure routes.

In the case illustrated below, the risk-based
PRG is derived 10 be protective for exposure from
the direct ingestion and external radiation routes.
Total risk from soil due to ingestion and external
radiation is calculated as follows:

Total risk =
from soil

Risk from direct ingestion of radio-
nuchdes in soul (child to adult)

+ Risk from exiernaf radiation from
gamma-emiting radionuclides in soil

Total risk for carcinogenic effects from each
radionuclide of potential concern is calculated by
combining the appropriate oral slope factor, SF_,
with the total radionuclide intake from soil. plus
the appropriate external radiation slope factor,
SF,, with the radioactivity concentration in soil:

Tota! risk = SF, x Inowake from direct ingestion

of soil

Concentration of gamma-
emitting radionuclides in soil

Adding appropriate parameters, then combining
and rearranging the equation to solve for
concentration, results in Equation (11).

Equation (117) is the reduced version of
Equation (11) based on the standard default values
listed below. Risk-based PRGs for radionuciides

in soil are calculated for a pre-specified cancer risk
level of 107

The age-adjusted o1l ingesuon factor
(Imead_‘) used in Equation (11) takes into account
the difference in soil ingesuon f{or wo exposure
groups — children of one 10 six vears and all other
individuals from seven to 31 vears. [IF_ ..,
calculated for radioactive contaminants as shown in
Equation (12). Section 3.1.2 provides additional
discussion on the age-adjusted soil ingestion factor.

1S

If any parameter values or exposure
assumptions are adjusted after the baseline risk
assessment to reflect sie-specific conditions, soil
PRGs should be calculated using Equaton (11).

4.2 COMMERCIAL/INDUSTRIAL
LAND USE
4.2.1 WATER
Under the commercial/industrial land use

scenario, risk-based PRGs for radionuclides in
ground waler (and for radionuclides in surface
water used for drinking water purposes) are based
on residential exposures and calculated according
to the procedures detailed in Section 4.1.1 (see
Section 3.2.1 for the rationale for this approach).
Risk-based PRGs shouid be calculated considering
the possibility that both the worker and general
population at large mav be exposed 10 the same
contaminated water supply.
422 SOIL

Under the commercialiindustrial land use
scenario, four soil exposure routes — direc
ingestion, inhalation of volaule radionuciides
inhalation of resuspended radioactive particulates.
and external exposure due 10 gamma-emitling
radionuclides — are combined to calcuiate risk-
based radionuclide PRGs in soil for adult worker
exposures.  Additional exposure routes (e.g.
ingestion of foodcrops contaminated by
radionuclide upl:ike) are possible at some sites.
while only one exposure route (e.g., external
radiation exposure only) may be relevant at others.
The risk assessor should therefore consider and
combine all relevant soil exposure routes, as
necessary and appropriate, based on site-specific
conditions.




Total risk

RS (pCiig;
risk-based)

where:

Parameters

1

RS x [(SF,x 107°gmg x EF 2 IF,, .} + (SF, x 10°¢kg x ED x D x SD x (i-S.) x T,)]

™

RADIONUCLIDE PRGs: 'RESIDENTIAL SOIL — CARCINOGENIC EFFECTS

i

(SF, x 107 x EF x IF

$Owad)

Defimnion (units)

RS
TR
SF,
SF,
EF
ED

IF‘OtlladJ

sD
S

4

T,

[

radionuclide PRG in soif (pCi/g)

target excess indivmidual hifetme cancer nisk (unitless)

oral (ingestion) slope factor (nisk/pCr)

external expasure siope factor (riskar per pCl/m:)

expasure frequency (days/yr)

exposure duration (yr)

age-adjusted soil ingestion factor (mg-yr/day)
depth of radionuciides in soil (m)

soil density (kg/m®)

gamma shielding factor (unitiess)

gamma exposure time factor (unitless)

j+ (SF.x10°xEDxDxSDx(1-8)x T.)

Defaul: Value

10°

radionuchde-specific
radionuclide-specific

350 daysiyr

30 yr

3600 mg-yr/day (see Equanon (12))
0.1m

143 x 10° kgm?

0.2 (see Section 4.1.2)

1 (see Secuion 4.1.2)

where:

SF,
SF,

Risk-based PRG
(pCi/g: TR = 10%)

0t

REDUCED EQUATION FOR RADIONUCLIDE PRGs:
RESIDENTIAL SOIL — CARCINOGENIC EFFECTS

1]

1x 10®

oral (ingestion) siope factor (risk/pCi)

1.3 x 10°(SF,) + 3.4 x 10° (SF,)

external exposure siope factor (riskAr per pCi/m*)

I EE———————

where:

Parameters

IFnabad)
1anly i6

IR‘M;F 7-31
ED
ED

age 16
age 721

IF i (mgyt/day) =

AGE-ADJUSTED SOIL INGESTION FACTOR

Definition (units)

age-adjusted soil ingestion factor (mg-yr/day)

Ingestion rate of soul ages 1-6 (mg/day)
ingestion rate of soit ages 7-31 (mg/day)
exposure duration duning ages 1-6 (yr)
exposure duration during ages 7-31 (vr)

(IR\oane 14 X EDngz 1-6) + (IRW:F m X EDagc 7-31)

Defaull Value

3600 mg-yr/day
200 mg/day
100 mgsday

6 vr

24 yr




In the case illustrated hefow. total risk from
radionuchdes in soil is calculated as the summation
of the individuai nisks from each of the four
exposure routes listed above:

n

Risk from direct ingesuion ot radio-
nuchdes in soil (worker)

Total nsk
from s

+ Risk from mhalation of voiatile
radionuciides (worker)

+ Risk trom mhalauon of resuspended
radioactive particulales (worker)

+ Risk from external radiation from
gamma-emitung radionuchdes (worker)

Total risk for carcinogenic effects for each
radionuclide is calculated by combining the
appropriate ingestion, inhalation. and exiernal
exposure SF values with relevant exposure
parameters for each of the four soil exposure
routes as follows:

Total = SF, x Intake from direct ingestion of
nsk radionuclides n soii (worker)
+ SF, x Intake from inhalation of
volatile radionuciides {worker)
+ SF, x Intake from inhaiation of resus-
pended radiocactrve paruculates
(worker)
+ SF, x Concentration 0f gamma-emitling

e

radionuclides in soil (worker)

Adding appropriale parameters, and then
combining and rearranging the equation 10 solve
for concentration, resuits in Equation (13).

Equation (137) below is the reduced version of
Equation (13) based on the standard default values
below and a pre-specified cancer risk level of 107,
It combines the toxicity information of a
radionuclide with standard exposure parameters for
commercial/industrial land use 1o generate the
concentration of that radionuclide corresponding
to a 10° carcinogenic risk level due to that
radionuclide.

If any parameter default values or assumptions
are changed after the baseline risk assessment 10
reflect site-specific condiuons, radionuchide soil
PRGs should be derived using Equation (13).

423 SOIL-TO-AIR

FACTOR

VOLATILIZATION

The VF. defined in Section 3.3.1 for chemucais,
also applies for radioacuve contaminants with the
following exceptions.

+ Most radionuclides are heavy metal elcments
and are non-volatile under normal, ambient
conditions. For these radionuciides. VF values
need not be calculated and the risk due 10 the
inhalation of volatile forms of these nuclides
can be ignored for the purposes of
determining PRGs.

e A few radionuclides, such as carbon-14 (C-14).
tritium (H-3). phosphorus-32 (P-32), sulfur-33
(S-35), and other isotopes. are volatile under
certain chemical or environmental conditions,
such as when they are combined chemically
with volatile organic compounds (i.e., the so-
called radioacuvely-labeled or "tagged” organic
compounds), or when they can .exist in the
environment in a variety of physical forms,
such as C-14 labeled carbon dioxide (CO,) gas
and tritiated water vapor. For these
radionuclides, VF values should be calculatea
using the Hwang and Falco (1986) equation
provided in Section 3.3.1 based on the
chemical species of the compound with which
they are associated.

e The npaturally occurring, non-volatile
radioisotopes of radium, namely Ra-226 and
Ra-224, undergo radioactive decav and form
inert, gaseous isotopes of radon, i.e,, Rn-2I2
(radon) and Rn-220 (thoron). respectiveiv.
Radioactive radon and thoron gases emanate
from their respective parent radium isotopes
in soil, escape into the air, and can pose
cancer nsks if inhaled. For Ra-226 and Ra-
224 1n soil. use the default values shown 1n the
box on page 40 for VF and for SF, in
Equation (12) and Equation (127).

43 RADIATION CASE STUDY

This section presents a case studv o7 a
hypothetical CERCLA radiation site, the ACME
Radiation Co. site, 10 illustrate the process of
calculating pathway-specific risk-based PRGs for
radionuclides using the risk equations and
assumptions presented in the preceding sections of
this chapter. The radiation site case siudy is

modeled after the XYZ Co. site study discussed m




RADIONUCLIDE PRGs: COMMERCIAL/INDUSTRIAL SOIL — CARCINOGENIC EFFECTS

Toral = RS x EDx [{SF,x 107gmg x EFx IR,,) + {SF x 10°gkg x EF x IR, . x 1VF}
risx

- (SF x 10°%gkg x EF x IR,, x 1/PEF} + (SF, x 10°2kg x D x SD x (1-S3x T, |
RS = TR { Heh !
(pCi/g; ED x [[SFXIO0XEFXIR,,} + (SEXICXEFXIR,,) x (1VF + LPEF, - (SEx10°XDxSDx(1-S 1T, i
nsk-based) ‘
where: |
Parameters Definition (unus) Defaul: Value I
RS radionuclide PRG in soil (pC'g) - ’
TR larget excess individual Iifetime cancer risk (unitless) 107
SF, inhalation slope factor (risk/pCi) radionuclide-specific
SF, ral (ingestion) slope factor (risk/pCi) radionuchde-specitic
SF, external exposure siope factor (riskar per pCym’) radionuchde-specific
EF exposure frequency (daysnr) 250 daysnr ‘
ED exposure duration (yr) 5y
IR,, workday inhalaticn rate of air (m’/day) 20 m‘/dav
IR, daily soil ingesuon rate (mg/dav) 50 mg/aay
VF soil-to-air volatilization factor (m*/kg) radionuchde-specific (see Section 4.2.3)
PEF particulate emission factor (m’/kg) 4.63 x 10° m/kg (see Section 33.2) i
D depth of radionuclides in soil (m) 01m . ‘
SD soii density (kg/m?) 143 x 107 kgm®
S. gamma shielding factor (unitless) 0.2 (see Secuon 4.1.2)
T. gamma exposure factor (unitless) 1 (see Section 4.1.2)

Risk-based PRG =

1 x 10° (137

REDUCED EQUATION FOR RADIONUCLIDE PRGs:
COMMERCIAL/INDUSTRIAL SOIL — CARCINOGENIC EFFECTS®

(pCrg; TR = 10™)

Chapters 2 and 3. It generally follows a two-phase
format which consists of a "at the scoping stage”
phase wherein risk-based PRGs for radionuclides
of potential concern are calculated initially using
reduced equations based on PA/SI data. and then
a second, "after the baseline risk assessment” phase
wherein radionuclide PRGs are recalculated using

[(3.1 x 10°(SE,)} + ((13 x 10%VF + 2.7 x 107) (SF)) + (2.9 x 10" (SF,))]

radionuclide-specific soil-to-air volatitization factor in m’/kg (see Secnon 33.1)

where:

SF, = oral (ingestion) slope factor (risk/pCi)

SF, = nhalation slope factor (risk/pCi)

SF, = exiernal exposure slope factor (riskht per pCim-)
VF =

*NOTE:

i
See Section 4.23 when calculaung PRGs for Ra-226 and Ra-224. '

W|

full equations and modified site-specific parameter
values based on RUFS data.

Following an overview of the history and
current status of the site presented in Section 4.3.1.
Section 4.3.2 covers a number of important steps
taken early in the scoping phase to calculate
preliminary risk-based PRGs assuming a specific




“

SOIL DEFAULT VALUES FOR VF aAND SF. !

; FOR Ra-226 AND Ra-224
|

Default VF Inhatation
Value Siope
(&. Ra ) Factor, SF,
Radium \ pCii” Rn® (riskypCiy=*
Ra-226 ) 1.1E-11
Ra-224 200 £ 7E-11

* Calculated using values taken from NCRP
1976 and UNSCEAR 1982: Assumptions: (1) an
average Ra-226 soil concentration of 1 pCug
associate¢ wvith an average ambient Rn-222 air
concentrauon of 120 pCim® and (2) an average
Ra-224 soil concentrauion of 1 pCi/g associated
with an average ambient Ro-220 air concentration
of S pCim”.

** Slope factor values are for Rn-222

e

progeny) and for Rn-220 (plus progeny).

(plus

e

land-use scenario. Section 4.3.3 then discusses how
initial assumptions and calculations can be
modified when additional site-specific information
becomes available.
4.3.1 SITE HISTORY

The ACME Radiation Co. site is an
abandoned industria) facility consisting of a large
factory building situated on ten acres of land
surrounded by a  high-density residential
neighborhood. Established in 1925, the ACME
Co. manufactured luminous watch dials and gauges
using radium-based paint and emploved
approximately 100 workers, mostly women. With
the declining radium market. ACME phased out
dial production and expanded its operations in
1960 1o include brokering (collection and disposal)
of low-level radioactive waste (LLW). After the
company was issued a state license in 1961, ACME
began receiving LLW from various nearbyv
hospitals and research laboratories. In 1975, acting
on an anonymous complaint of suspected
mishandling of radioactive waste, state officials
visited the ACME Co. site and cited the company
for numerous storage and disposal violations.
After ACME failed 10 rectify plant conditions
identified in initia] and subsequent citations, the
state first suspended, and then later revoked its
operating license in 1978. Around the same time,

officials detected radium-226 (Ra-Z26»
contamination at a few neighboring jocauions ofl
site.  However. no action was taken against tne
company at that time. When ACME filed for
bankruptcy 1 1985, it closed s facility before
completing cleanup.

In 1987, the state and EPA conducted an
aerial gamma survey over the ACME Radiation
Co. site and surrounding properties 10 investigate
the potential extent of radioactive contamination
i these areas. The overflight survey revealed
several areas of elevated exposure rate readings.
although individual gamma-emitting radionuclides
could not be identified. When follow-up ground
level surveys were performed in 1988, numerous
"hot spots™ of Ra-226 were pinpointed at various
locations within and around the factory building.
Three large soil piles showing enhanced
concentrations of Ra-226 were discovered along
the southern border. Approximately 20 rusung
drums labelled with LLW placards also were
discovered outside under a covered storage area.
Using ground-penetrating radar, EPA detected
subsurface magnetic anomalies in a2 few locations
within the property boundary which suggested the
possibility of buried waste drums. Based on
interviews with people living near the site and with
former plant workers, the state believes that
radium contaminated soil may have been removed
from the ACME site in the past and used locally
as fill material for the construction of new homes
and roadbeds. Site access is currently limited (but
not entirely restricted) by an existing secunty
fence.

In 1988. EPA’s regionai field investigaton
team completed a PA/S]. Based on the PA'SI
data. the ACME Radiauon Co. site scored above
28.50 using the HRS and was listed on the
National Priorities List in 1989. Eariv in 1990, an
RI/FS was initiated and a baseline risk assessment
1s currently in progress.

432 AT THE SCOPING PHASE

In this subsection, several steps are outlined 10
show by example how initial site data are used at
the scoping phase to calculate risk-base¢ PRGs for
radionuclides in specific media of concern.
Appropriate sections of Chapters 2 and 3 should
be consuited for more detailed expianations for
each step considered below.




Identify Media of Concern. A large sircam
runs along the western border of the sitg and feeds
into a river used by some of the local residents for
fishing and boaung. Supplemental water intake
ducts for the municipal water treatment plant are
located approximately 300 vards downriver, and the
site is situated over an aquifer which serves as the
primary drinking water supply for a community of
approximately 33.000 people.

Analvses of ground water, soil. and stream
sediment samples taken during the PA'S] revealed
significant levels of radionuclide contamination.
Potential sources of contamination include the soil
piles, process residues in soil, and radionuclides
leaking from buried drums. Air filter samples and
surface water samples from the stream and river
showed only background levels of activity.
(Background concentrations were determined from
analyses conducted on a limited number of air,
ground water, surface water, and soil samples
collected approximately one mile from the site.)

The data show that the media of potential
concern at this site inciude ground water and soil.
Although stream water and river water were not
found to be contaminated, both surface water
bodies may become contaminated in the future due
10 the migration of radionuclides from sediment.
from the exposed soil piles, or from leaking drums.
Thus, surface water is another medium of potential
concern.

For simplicity, only soil will be discussed as
the medium of concern during the remainder of
this case study. Procedures discussed for this
medium can nevertheless be applied in a similar
manner 1o all other media of concern.

Identify Initial List of Radionuclides of
Concern. The PA/SI for the ACME Radiation Co.
site identified elevated concentrations of five
radionuclides in soil (Ra-226, tritium (H-3),
carbon-14 (C-14), cesium (Cs-137), and strontium
(51-90)).  These comprise the initial list of
radionuclides of potential concern.

Site records indicate that radioisotopes of
cobalt (Co-60), phosphorus (P-32), sulfur (S-35),
and americium (Am-241 and Am-243) were
included on the manifests of several LLW drums in
the storage area and on the manifests of other
drums suspected 10 be buried onsite. Therefore,
although not detected in any of the initial soil
samples analyzed, Co-6C. P-32, S-35, Am-241, and

Am-243 are added 1o the hist for this medium
because of their potential 10 migrate from leaking
buried drums 1nto the surrounding sou.

Identify Probable Land Uses. The ACME
Radiation Co. site Is located in the center of 4
rapidiv developing suburban community comprised
of single and multiple famiiv dweliings. The area
immediately encirchng the site was recentdy re-
zoned for residential use oniy: exisuing commercial
and light industrial facilities are currently being
relocated. Therefore. residential use is determined
10 be the most reasonable future land use for this
site.

Identify Exposure Pathways, Parameters. and
Equations. During the scoping phase, available
site data were neither sufficient to idenufy all
possible exposure pathwavs nor adeguate enough
to develop site-specific fale and transport
equations and paramelters. Therefore. in order
calculate initial risk-based PRGs fo- radionuclides
of potenual concern in soil, the standardized
default soil exposure equation and assumptions
provided in this chapter for residential land use in
Section 4.1.2 are selected. (Later in this case study,
examples are provided to illustrate how the full
risk equation (Equation (11)) and assumptions are
modified when baseline risk assessment data
become available.)

For the soil pathway, the exposure routes of
concern are assumed to be direct ingestion of sotl
contaminated with radionuctides and exposure to
external radiation from gamma-emitling
radionuclides. Again, although soil is the only
medium discussed throughout this case study,
exposure pathwavs, parameters. eguations. and
eventuallv risk-based concentrations would need to
be identified and developed for all other mediz and
exposure pathways of potenual concern at un
actual site.

Identify Toxicity Information. 7o calculate
media-specific risk-based PRGs. reference toxicity
values for radiation-induced cancer effects are
required (i.e., SFs). As stated previously, soil
ingestion and external radiation are the exposure
routes of concerr for the soil pathway. Toxicity
information (l.e., oral, inhalation. and external
exposure SFs) for all radionuclides of potentis:
concern at the ACME Radiation Co. site are
obtained from RIS or HEAST, and are shown i,
the box on the {ollowing page.
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RADIATION CASE STUDY:
TOXICITY INFORMATION FOR RADIONUCLIDES OF POTENTIAL CONCERN®

Radwactive 1CRP Inhalation Ingestion . Fxternal Exposure
Half-life Decay Lung Slope Factor Slope TFactor Stope Iactor

Radionuclides (yr) ’ Mode Classification (risk/pCi) (risk/pCi) (riskAyc per p(fi/m“)
ita 12 beta g T8E-14 S.5E-14 NA
a4 5710 beta 14 6.4E-15 9.11:-13 NA
P32 004 heta n 301512 151512 NA
S35 0.24 heta D LOE-13 221513 NA
Co-60 S beta/gammai Y Lol 10 15111 J.A-1D
Sr-90 24 heti D S66E-1 3311 NA
Cs-137 30 beta D 1O 28111 NA
Ri-220 1600 alpha/gamma W 30100 1.2k:-10 120513
An-241 432 alpha/gamma W 4.0E-08 310 161512
Am-2413 7380 alpha/gamma W 4.01:-08 3110 16812

* Sources: HEAST and Federal Guidance Report No. 11, All information in this example is for illustration only.

NA = Not applicable (i.c., these radionuclides are not gamma-emitiers and the direct radiation exposure pathway can be ignored).




Calculate Risk-based PRGs. At this step. risk-
based PRGs are calculated for each radionuchde of
potennal concern using the reduced rxsk‘Equanon
{117) in Section 4.1.2. SF values obtained from
IRIS and HEAST:and standardized default values
for parameters—for “the residential land-use
scenario.-Tecalculate the risk-based PRG for Co-
60 at a pre-specified target risk level of 107, for
example, its ingestion SF of 1.5 x 10! and us
external exposure SF of 1.3 x 107% are substituted
into Equation (117), along with the standardized
default values, as follows:

Risk-nased PRG =
for Co-60
1pCuvg;, TR = 10°)

1x 10"
1.3 x 107 (SF,) + 3.2 x 10°(SF))

where:

SF, = oral (ingestion) slope factor for Co60 = 1.5 x
107 (risk/pCi)

SF, = external exposure slope factor for Co-60 = 1.3
x 10 (riskAT per pCifm?)

Substituting the values for SF_ and SF_ for Co-60
into Equation (117) results in:

Risk-based PRG for Co-60 (pCug, TR = 10°) =

1x 10%¢
(13 x 107)(1.5 x 107 + (3.4 x 10°)(1.3 x 10

= 0002 pC: of Co-60/g of sail

In a similar manner, risk-based PRGs can be
calculated for all other radionuclides of concern in
soil at the ACME Radiation Co. site. These PRGs
are presented in the next box.

4.3.3 AFTER THE BASELINE RISK
ASSESSMENT

In this subsection, several steps are outlined
which demonstrate how site-specific data obtained
during the baseline risk assessment can be used to
recalculate risk-based PRGs for radionuchides in
soil. Appropriate sections of Chapters 2 and 3
should be consulted for more detailed explanations
for each step considered below.

Review Media of Concern. During the RI/FS,
gamma radiation surveys were conducted in the
vards of several homes located within a 1wo-block
radius of the ACME Radiation Co. site. Elevated
exposure rates, ranging from approximately two 1o
four umes the natural background rate, were

—

RADIATION CASE STUDY:
INITIAL RISK-BASED PRGs FOR
i RADIONUCLIDES IN SOIL®

Radionuchdes Risk-based Sail PRG (pCug)

H-3 14,000 °
Sr-90 (only) 22
p-32 220
S-35 3.500
C-14 §50
Co-60 0.002
Cs-137 (only) 27
Ra-226 (only) 0.6
Am-241 0.2

Am-243 (only) 7.9x10°

* Calculated for iliustration onty using Equation
(117 in Section 4.1.2. Values have been rounded
off.

measured on properties immediately bordering the
site. Measurements onsite ranged from 10 1o 50
times background. In both cases, enhanced soil
concentrations of Ra-226 (and decay products) and
several other gamma-emitting radionuclides were
discovered 10 be the sources of these elevated

‘exposure rates. Therefore, soil conunues as a

medium of potential concern.

Modify List of Radionuclides of Concern.
During scoping, five radionuclides (Ra-226, H-3.
C-14, Cs-137, and S1-90) were detected in elevated
concentrations in soil samples collected at the
ACME Radiation Co. site. These made up the
initial list of radionuclides of potential concern.
Although not detected during the first round of
sampling, five additional radionuclides (P-32, S-37
Co-60., Am-241, and Am-243) were added to this
list because of their potential 10 migrate from
buried leaking drums 1nto the surrounding soil.

With additional RI/FS data, some
radionuchides are now added 1o the list, while
others are dropped. For example, soil analvses
failed to detect P-3Z (14-dav half-life) or S-35 (§7-
day half-life) eontamination. Decay correction
calculations  strongly suggest that these
radionuclides should not be present onsite in
detectable quanuuies after an estimated burial time
of 30 vears. Therefore. based on these data, P-32
and S-35 are dropped from the hist. Soil data also
confirm that decayv products of Ra-226, Sr-90. Cs-
137, and Am-243 (identified in the first box below:

i



are present In secular equilibrium (e, ecual
acuvity concentrations) with their respective parent
1sotopes. !

Assuming secular equilibrium. slope faciors for
the parent 1sotope and each of its decay series
members are summed. Parent isotopes are
designated with a "=D" 10 indicate the composite

slope factors of 1ts decay chain (showrn 1 bold face
In the second box below). Thus. Ra-226+D. Si-
0+D. Cs-137=D, and Am-223-D replace their
respective single-isotope values an the st of
radionuchides of potential concern. and thernr
composite SFs are used in the full soil pathwa
equation 10 recalculate risk-based concentrations.

RADIATION CASE STUDY: DECAY PRODUCTS

Parent Radionuciide Decay Product(s) (Half-lfe) ‘
Ra-226 Rn-222 (< gavs). Po-218 (3 min), Pb-214 (27 mun). Bi-214 (20 ||
run;, Po-214 (< 1), Po-210 (22 y1), Bi-210 (§ days), Po-210
(138 daws)

$r-90 Y-90 (14 hr)

Cs-137 Ba-137m (2 min)
i

Am-243 Np-239 (2 days) ;

Decav Series Inhalation
Ra-226 3.0E-09
Rn-222 7.2E-13
Po-218 5.8E-13
Pb-214 29E-12
Bi-214 22E-12
Po-214 2.8E-19
Pb-210 1.7E-09
Bi-210 S1E-11
Po-210 2TEQ0
Ra-226+D 7.5E-09
Sr-90 3.6E-11
Y-90 5.5E-12
Sr-90+D 6.2E-11
Cs-137 1.9E-11
Ba-137m 6.0E-16
Cs-137+D 1.9E-11
Am-243 4.0E08
Np-239 1.5E-12
Am-243+D 4.0E-08

RADIATION CASE STUDY: SLOPE FACTORS FOR DECAY SERIES®

Slope Factors

* All information in this exampie is for illustration purposes only.

lngestion External
1.2E-10 4.2E.13
- 22F-14
2.8E-14 0.0E+00
1.8E-13 1.5E-11
1.4E-13 8.0E-11
1.0E-20 4. 7E-15
6.5E-10 1.8E-13
1.9E-12 0.0E+00
2.6E-10 4.8E-16
1.0E-09 9.6E-11
35E-1 0.0E+00
22E-12 0.0E+00
3.6E-11 0.0E+00
28E-1 0.0E+00
2.4E-15 34E-11
2.8E-11 3.4E-11
3.1E-10 3.6E-12
93E-13 1.1E-11
3.1E-10 1.5E-11




Review Land-use Assumptions. At this step.
the future land-use assumption chosen during
scoping 1s reviewed. Since the original assumption
of future residential land use is supporied by RI/FS
dala. 1t is not modified.

Modify Exposure Pathways, Parameters. and
Equations. Based on site-specific information, the
upper-bound residence time for many of the
individuals living near the ACME Radiation Co.
site is determined to be 45 vears rather than the
default value of 30 vears. Therefore, the exposure
duration parameter used in Equauon (11) in
Secuion 4.1.2 is substituted accordingly. It is also
determined that individuals living near the site are
only exposed to the external gamma radiation field
approximately 18 hours each day, and that their
homes provide a shieiding factor of about 0.5 (i.e..
509%). Therefore, values for T, and S, are changed
1o 0.75 (le., 18 hr/24 hr) and 0.5, respectively.

Modify Toxicity Information. As discussed
above In the section on modifying the fist of
radionuclides of concern. oral, inhalation. and
external exposure slope factors for Ra-226, Sr-90,
Cs-137, and Am-243 were adjusted 10 account for

the added risks (per unit intake and/or exposure)

contributed by their respective decay  series
members that are 1n secular equilibrium.
Recalculate Risk-based PRGs. A1 this step,

risk-based PRGs are recalculated for atl remaininy
radionuchdes of potential concern using the full
risk equaton for the soil pathway (1.e.. Equation
{11)) modified by revised site-specific assumptions
regarding exposures, as discussed above.

To recalculate the risk-based PRG for Co-60
at a pre-specified target nisk level of 107, for
example, its ingestion SF of 1.5 x 1071, and its
exiernal exposure SF of 1.3 x 10'1% are substituted
into Equation (11), along with other site-specific
parameters, as shown in the next box.

In a similar manner, nisk-based PRGs can be
recalculated for all remaining radionuclides of
potential concern in soil at the ACME Radiation
Co. site. These revised PRGs are presented in the
box on the next page. In those cases where
calculated risk-based PRGs for radionuclides are
below current detection limits. risk assessors
should contact the Superfund Health Risk
Technical Support Center for additional guidance.

RADIATION CASE STUDY:

RS for Co-60 (pCi/g;

TR

REVISED RISK EQUATION FOR RESIDENTIAL SOIL

risk-based) (SFox 107 x EF x IF,,0,) + (SFcx 100x EDx Dx SD x (1-S.)x T}
= 0.003 pCuyg

where:

Parameters Definition (units) Rewvised Value

RS radionuchde PRG in soif (pCig) -

TR target excess indnidual lifetime cancer nisk (unitlessy  10°

SF, oral (ingesuon) slope factor (risk/pCi) 1.5 x 107 {nskipCy)

SF, external exposure slope factor (rnskAT per pCym”) 1.3 x 107 (nisknT per pCrmS

EF exposure frequency (davsiT) 350 daysat

ED exposure duration (v1) 45 yr

IF i, age-adjusted soil ingestion factor (mg-yr/day) 5100 mg-yr/day

D depth of radionuclides in soil (m) 0.1m

SD soil density (kg/m?) 143 x 10° kgm?

S, gamma shielding factor (unitless) 05

T, gamma exposurc time factor (unitless) 0.75

(Note: To account for the revised upper-bound residential residency tme of 45 years, the age-acjusted sail
ingesuon facior was recalculated using the eguator 1n Section 4.1.2 anc an adult exposure duration of 39 vears
for indmduals 7 to 46 vears of age.)

~45-



RADIATION CASE STUDY:
REVISED RISK-BASED PRGs FOR RADIONUCLIDES IN SOIL®

Radionuciides Risk-based Soil PRG (nCig}
H-3 10,200

Sr-90+D 20

C-14 620

Co-60 0.003
Cs-137+D 0.01
Ra-226+D 0.004
Am-241 0.2
Am-243+D 0.03

* Calculated for illustration only. Values have been rounded off.
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APPENDIX A

ILLUSTRATIONS OF CHEMICALS
THAT "LIMIT" REMEDIATION

In manv cases. one or two chemicals will drive
the cleanup at a site, and the resulting cumulative
medium or site risk will be approximately equal to
the potential risk associated with the individual
remediation goals for these chemicals. These
"limiting chemicals” are generally either chemicals
that are responsible for much of the baseline risk
(because of either high toxicity or presence in high
concentrations), or chemicals that are least
amenable 10 the selected treatment method. By
cleaning up these chemicals to their goals, the
other chemicals typically will be cleaned up 10
levels much’lower than their corresponding goals.
The example given in the box below provides a
simple illustration of this principle.

The actual circumstances for most
remediations will be much more complex than
those described in the example (e.g., chemicals wili
be present at different baseline concentrations and

will be treatedremoved at differing rartes):
however, the same principle of one or perhaps two
chemicals limiting the site cleanup usually applies,
even In more complex cases.

Unless much is known about the performance
of a remedy with respect to all the chemicals
present at the site, it may not be possible 1w
determine which of the site contaminants will drive
the final nsk until  well into remeds
implementation. Therefore, it generally is not
possible to predict the cumulative risk that will be
present at the site duning or after remediation. In
some situations, enough will be known about the
site conditions and the performance of the remedy
10 estimate post-remedy concentrations of
chemicals or to identify the chemical(s) that will
dominate the residual risk. If this type of
information is available, it may be necessary to
modify the nsk-based remediation goals for
individual chemicals.

SIMPLE ILLUSTRATION OF A CHEMICAL THAT LIMITS REMEDIATION

Two chemicals (A and B) are present in ground water at a site at the same baseline concentrations.

Remediation goals were identified for both A and B. Chemical A's goal is 0.5 ug/l, which 15 associated wath a
potentia! risk of 10°. Chemical B's goal 1s 10 ug/L. which 15 also associated with a potential nsk of 10°. The
calculated cumulative risk at remedianon goals 1s therefore 2 x 10®°. Assuming for the purposes of this iliustration
that A and B arc treated or removed at the same rate, then the first chemical to meet 1t1s goal wili be B.
Remediauon must continue at this site, however, untl the goal for chemucal A has been mel.  When the
concentration of A reaches 05 ug/L, then remediauon s compiete. A is at its goal and has a nisk of 10®. B s at
1720 of its goal with a risk of 5 x 10%. The total risk (1 x 10® + 5 x 10®) is appraxmatety 10® and 15 due to the
presence of A

This example illustrates that the final sk for a chemical may not be equal to the potenual nsk associated with
its remediation goal, and, in fact, can be much less than this nsk. Although the potential nsk assocuated with
Chemical B's goal is 10%, the final residual risk associated with B is 5 x 10%. Thus. if one were to calculate the
cumuiative risk at PRGs prnior to remedy implementation, one would estmate total medium risk of 2 x 107, however,
the residual cumulative nisk afier remediation is 1 x 10




APPENDIX B

RISK EQUATIONS FOR INDIVIDUAL
EXPOSURE PATHWAYS

This appendix presents individual risk
equations for each exposure pathway presented in
Chapter 3. These individual risk equations can be
used and rearranged to derive full risk equations
required for calculating risk-based PRGs.
Depending on the exposure pathways that are of
concern for a land-use and medium combination,
different individual risk equations can be combined
1o derive the full equation reflecting the
curnulative risk for each chemical within the
medium. See Chapter 3 for examples of how
equations are combined and how they need 10 be
rearranged to solve for risk-based PRGs. Note
that in this appendix, the term HQ is used 1o refer
1o the risk level associated with noncarcinogenic
effects since the equations are for a single
contaminant in an individual exposure pathwav.

The following sections list individual risk
equations for the ground water, surface water, and
soil pathways. Risk equations for exposure
pathwavs not listed below can be developed and
combined with those listed. In particular, dermal
exposure and ingestion of ground water
contaminated by soil leachate, for which guidance

is currently being developed by EPA. could be
included in the overall exposure pathwav
evaluation.

B.1 GROUND WATER OR
SURFACE WATER —
RESIDENTIAL LAND USE

Both the ingestion of water and the inhalatior.
of volatiles are included in the standard defauli
equations in Section 3.1.1. If only one of these
exposure pathways is of concern at a particular
site, or if one or both of these pathways needs 10
be combined with additional pathways, a site-
specific equation can be derived.

The parameters used in the egquanons
presented in the remainder of this section are
explained in the following text box.

B.1.1  INGESTION

The cancer risk due 1o ingestion of 2
contaminant in water is calculated as follows:

PARAMETERS FOR SURFACE WATER/GROUND WATER — RESIDENTIAL LAND USE

Parameter Definition Default Value

C chemicai concestration n water (mg/L) -

SF, inhalation cancer slope factor ((mg/kg-day)*) chemical-specific ;

SF, oral cancer slope factor ((mg/kg-day)!) chemical-specific '3

RD, oral chronic reference dose (mg/xg-day) chemical-specific !

RID, mnhalation chronic reference dose (mg/kg-day) chemical-specific |

BW adult body weight (kg) 70 kg :

AT averaging ume (yr) 70 yr for cancer nsk |
30 yr for noncancer HI (equal t1c ED) |

EF exposure frequency (daysaT) 350 daysar :

ED exposure duration (yr) 30 yr !

N volatilization factor (L/m") 0.0005 x 1000 L/m' (Andelman 19907 ‘

IR, daily indoor inhalation rate (m’/day) 15 m*/day

IR, daily water ingestion rate ([/day) 2 L/day ‘




Risk tromncestion = S _» € x IR x EF» ED
of water raduit} BW x AT x 3p5 davsar

The noncancer HQ due 10 ingestion of a
contaminan! in water 1s calculated as follows:

C x IR_.xEFxED
RfD,x BW x AT x 365 daysnv

HQ due o ngesuon =
aof water (aduit;

B.1.2 INHALATION OF VOLATILES

The cancer risk due 10 inhalation of a volatile
contaminant in water is calculated as follows:

Risk from = SF x C x K x IR xEFxED
inhalation BW x AT x 365 daysar
of volaules

In water

{adult)

The noncancer HQ due to inhalation of a volatile
contaminant in water is calculated as follows:

HQduetwo = C x K x IR xEFxED
inhalauon RfD, x BW x AT x 365 dayspr
of volatiles

10 waler

(agqult)

B.2 SOIL — RESIDENTIAL LAND
USE

Only the first exposure pathway below —
ingestion of soil — is included in the standard
default equations in Section 3.1.2. If additional
exposure pathwavs, including inhalation of volatiles

and,/or inhalation of paruculates. are of concern at
a parucuiar site. then & sie-specific equation can
be derived.

The parameters used in the ecuations
presented in the rematnder of this section are
explained in the tex: box below.

B.2.1  INGESTION OF SOIL

The cancer risk from ingestion of
contaminated soil is calculated as follows:

Risk from = SF_x Cx 10” kg/me x EF x IF,_ ..
Ingeston AT x 365 davsar
o! soil

The noncancer HQ from ingestion of
contaminated soil is calculated as follows:

HQ from = Cx 10 kgmeg x EF x IF, ¢
ingestion RID, x AT x 365 davsnt
of soil

B.2.2 INHALATION OF VOLATILES

The cancer risk caused by inhalation of
volatiles released from contaminated soil is:

Risk from = SFxCxEDx EFx IR x(1VH
inhalation AT x BW x 365 davsar
of volatiles

The equation for caiculating the noncancer HQ
from inhalation of volatiles released from soil is:

chemucal-specific

chemcal-specific

chemical-specific

chemical-specific

70 kg

70 yr for cancer nisk

30 yr for noncancer HI (equal to ED)
350 daysnt

30 yr

15 m’/day

114 mg-yr/kg-day

chemcal specific (see Secuon 3.5.1)
4.63 x 10° m’/kg (see Secuon 33.2)

PARAMETERS FOR SOIL — RESIDENTIAL LAND USE
Parameter Definition
C chemical concentration in soil (mg/kg)
SF, inhalation cancer slope factor ((mg/xg-day)!)
SF, oral cancer siope factor ((mgkg-day)™)
RfD, oral chronic reference dose (mg/kg-day)
RfD, inhalaton chronic reference dose (mg/kg-day)
BwW adult body weight (kg)
AT averaging time (yr)
EF exposure frequency (daysAT)
ED exposure duration (vr}
IR, daily indoor wnhalation rate (m’/day)
IF i, age-adusted soil ingestiorn factor (mg-yr/kg-day)
VF soil-lo-air volaulization factor (m’/kg)
PEF partculate emission factor (m*/kg)




HQ from = CxEDxEFxIR, x (1VH

inhalauon RID, x BW x AT x 363 daysnr
of volatles
B.2.3 INHALATION OF PARTICULATES

Cancer risk due 10 inhalation of
contaminated soil paruculates is calculated as:

Risk = SF xCxEDx EFxIR._x (I/PEF)
from AT x BW x 365 davsir
inhala-

tion ot

particulates

The noncancer HQ from particulate inhalation is
calculated using this equation:

HQ from = CxEDxEFxIR, x (1/PEF)
inhalation RID, x BW x AT x 365 dayspyr
of paru-

culates

B.3 SOIL — COMMERCIAL/

INDUSTRIAL LAND USE

All three of the exposure pathways
detailed below are included in the standard default
equation in Section 3.2.2. If only one or some
combination of these exposure pathways are of
concern at a particular site, a site-specific equation
can be derived.

The parameters used in the equations
presented in the remainder of this section are
explained in the text box below.

B.3.1 INGESTION OF SOIL

The cancer nisk from iIngestion of
contaminated soil is calculated as follows:

Risk from = SF_x Cx 10° kgme x EF x ED x IR,
ingestion BW x AT x 365 davsar
of soil

The noncancer HQ from ingestion of contaminated
soil is calculated as follows:

HOQ from = Cx10®kgme x EFx ED x IR,
ingestion Rf{D, x BW x AT x 365 davshr
of soil

B.3.2 INHALATION OF VOLATILES

The cancer risk caused by inhalation of
volatiles released from contaminated soil is:

Risk from = SF xCx EDx EF IR __x (1VE
inhalation AT x BW x 365 davsiyr
of volatiles

The equation for calculating the noncancer HQ
from inhalation of voiatiles released from soil is:

HQ from = CxEDx EFx IR, x (1VHE
inhalation RID, x BW x AT x 365 davswy:
of volatiles

Note that the VF value has been developed
specifically for these equautions: it may not be
applicable in other technical contexts.

PARAMETERS FOR SOIL —~ COMMERCIAL/INDUSTRIAL LAND USE

Parameter Definition Default Value 1

C chemical concentration in soil (mg/kg} - 1

SF, inhalation cancer slope factor ((mg/kg-day) ™) chemical-specific i

SF, oral cancer slope factor ((mg/kg-<day)?) chemical-specific

RID, oral chronic reference dose (mg/kg-day) chemical-specific

RID, inhalation chronic reference dose (mg/kg-day) chemical-specific

BW adult body weight (kg) 70 kg

AT averaging ume (yr) 70 vr for cancer risk ]
30 yr for noncancer HI {equal 10 ED} ;

EF expasure frequency (daysar) 250 davshr |

ED exposure duration {yr) 25 yr

IR,, workday inhalation rate (m’/day) 20 m’/day

R soif ingestion rate (mg/day) 50 mg/day l

VF soil-10-air volatilization factor (m’fkg) chemical specific (see Secuon 3.3.1) !

PEF particulate emission factor (m’/kg) 463 x 10° m/kg (see Section 3.3.2) ii




B.3.3  INHALATION OF PARTICULATES
Cancer rnisk due 1o
contaminated soil particulates 1s calculated as:

Risk from =
inhalauon
of paruculates

SExCxEDxEFxIR, _x(1'PEF
AT x BW x 365 dayspt

inhalation of

The noncancer HQ from particulate nhalation 1s
calculated using this equation:

HQ trom =
inhalation

CxEDxEFxIR. . x PEF
RID, x BW x AT x 365 davsyr
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OFFICE OF
SOLIOWASTE ANOC EMERGENCY RESPONSE

OSWER Directive 9285.7-01C

MEMORANDUM

SUBJECT: Transmittal of Human Health Evaluation Manual, Part C:
Risk Evaluation of Remedial Altarnaglives.

FROM: Kenry L. Longaest II, Director
Office of Emergency and Renmed pense
Bruce Diamond, Directo

Office of Waste Progra orcement

TO: Regional Wastes Management Division Directors

Purpose

This directive transmits the Risk Assessment Guidance Zfor
Superfund, Human Health Evaluation Manual, Part C-Risk Evaluaticn
cf Remedial Alternatives. The guidance is to be used in the
feasibility study and selection of remedy process and supplements
the Human Health Evaluation Manual Part A--Baseline Risk

Assessment, and Part B--Development of Risk-Based Preliminary
Remediation Geals.

Background

Section 121 of CERCLA requires an evaluation of short-term and
long-term risks associated with remedial alternatives. In
September 1990, a Workgroup was formed to discuss the develcpment
and use of this risk information in the remedy selecticn process.
The interim guidance being distributed today incorporates ccxzments

on drafts of the guidance which were recaived from Keadquarters and
Regional management.

Obiective

The objsctive of the guidance is to assist remedial project
managers, site engineers, risk assessors and others in develcping
and using risk information to evaluate remedial alternatives during
the feasibility study. As you know, this evaluation compares the

@ Brinted on Racycier Py



risk-based benefits of alternatives, Investigates potential
exposures to the communities and remediation workers during the
implementation of the alternative, determines the need fcr
engineering controls to mitigate risks, and assesses the need fcr
a five year review. The guidance will also be useful toc those who
seek to evaluate risks of the selected remedy during and after its
implementation. Part C of the guidance will ensure consistent
development and use of risk information at these important decision
points in the Superfund process.

eme

This document is being distributed as interim guidance pending
review of the RAGS series by the Science Advisory Board (SAB). It
is our intention to begin updating and consolidating the series in
FY 92. At that time, we will incorporate SAB's comments and the
results of ongoing, EPA-sponsored research projects. We also
strongly urge RPMs and Regional risk assessors to contact the
Toxics Integration Branch of the 0ffice of Emergency and Remedial
Response (FTS 260~9486) with any suggestions for further
improvement.

Attachment

cc: Regional Branch Chiefs
Regional Section Chiefs
Regional Toxics Integration Coordinators
Workgroup Members
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NOTICE

The policies set out in this document are tntendeC sclelv as guidance: they are not finai U3
Environmental Protection Agency (EPA) actions. These policies are not intended. nor can thev be reheu
upon, 1o create any nghts enforceable by any party in litiganon with the United States. EPA officials mas
decide to follow the puidance provided in this document, Or (O act al vanance with the guiaance, based on an
analvsis of specific site circumstances. The Agency also reserves the right 10 change this guidance at anv ume
without public notice. ’

This guidance is based on policies in the Final Rule of the Naticnal Oil and Hazardous Substances
Pollution Contingency Plan (NCP), which was published on March 8, 1990 (35 Federal Regisrer 8566). The
NCP shouid be considered the authoriative source.
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DEFINITIONS

Term

Definmtion

Applicable or Relevant and
Appropriate Requirements
{ARARs)

Exposure Pathway

Exposure Point

Exposure Route

Final Remediation Levels

Long-term Risks

Preliminary Remediation Goals
(PRGs)

"Applicable” requirements are those clean-up standards, siandards
of control, and other subsiantive enwvironmental protection
requirements, criteria, or limitations promulgated under federal or
state law that specifically address a hazardous substance, pollutant.
contaminant, remedial action, location, or other circumstance at a
Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) site.  “"Relevant and appropriate’
requirements are those clean-up standards which, while not
"applicable” at a CERCLA site, address problems or situations
sufficiently similar to those encountered at the CERCLA site that
their use is well-suited 1o the particular site. ARARSs ¢an be action-
specific, location-specific, or chemical-specific.

The course a chemical or physical agent takes from a source 1o an
exposed organism. An exposure pathway describes a unique
mechanism by which . an individual or population is exposed 10
chemicals or physical agents at or originating from a site. Each
exposure pathway includes a source or release from a source. an
exposure point, and an exposure route. If the exposure point differs
from the source, a transportexposure medium (e.g., air) or media
(in cases of intermedia transfer) also would be indicated.

A location of potential contact between an organism and a chemical
or physical agent.

The way a chemical or physical agent comes in contact with an
organism (i.e., by ingestion, inhalation, dermal contact).

Chemical-specific clean-up levels that are documented in the
Record of Decision (ROD). They may differ from prelininary
remediation goals (PRGs) because of modifications resulting from
consideration of various uncertainties, technical and exposur
factors, and all nine selection-of-remedy criteria outlined in the
National Oil and Hazardous Substances Pollution Contingency Plan
(NCP).

Risks that remain after remedy implementation is complete (i.c..
residual risks).

Initial clean-up goals that (1) are protective of human health and
the environment and (2) comply with ARARs. They are developed
early in the process based on readily available information and are
modified to reflect results of the baseline risk assessment. Thzy
also are used during analysis of remedial alternatives in the
remedial investigation/feasibility study (RUFS).




DEFINITIONS (Continued)

Term Defintion

Remedial Alternative An action considered in the feasibilitv study intended 1o reguce or
eliminate significant risks to human health and/or the environmen:
at a site. A range of remedial alternatives are considered in detail
bv the FS whiie the selection of a specific remedial aliernative over
others is documented in the ROD.

Remedial Action The selected alternative that is documented in the ROD.

Risk-based Concentrations Concentration levels for individual chemicals that correspond to a
specific cancer risk level (e.g.. 10°, 107) or hazard quotient (HQ)
or hazard index (HI) (e.g., less than or equal 10 1). Thev are
generally selected as preliminary or final remediation goals when
ARARs are not available.

Short-term Risks Risks that occur during implementation of a remedial alternative.
Some "short-term” risks can occur over a period of many vears (e.g..
risk associated with air stripper emissions).

RS



ACRONYMS/ABBREVIATIONS

Acronvmy

Abbreviation Definition
ACGIH American Conference of Governmental Industrial Hygienists
AlC Acute [nhalation Criteria
APCD Adr Pollution Control Device
ARARS Applicable or Relevant and Appropriate Requirements
ATSDR Agency for Toxic Substances and Disease Registry
CEGL Continuous Exposure Guidance Level
CERCLA Comprehensive Environmental Response, Compensation. and Liability Act
CFR Code of Federal Reguiauons
ECAO Environmental Criteria and Assessment Office
EEGL Emergency Exposure Guidance Level
EPA U.S. Environmental Protection Agency
HEAST Health Effects Assessment Summary Tables
HHEM Human Health Evaluation Manual
HI Hazard Index
HQ Hazard Quotent
IDLH Immediately Dangerous to Life and Health
[RIS Integrated Risk Information System
LOAEL Lowest-observed-adverse-effect-level
MCL Maximum Contaminant Level
MRL Minimal Risk Level
NCP National Oil and Hazardous Su.bsxances Pollution Contingency Plan
NIOSH National Institute for Occupational Safety and Heaith
NOAEL No-observed-adverse-effect-level

NRC National Research Council

-viii-



ACRONYMS/ABBREVIATIONS (Continued)

ACTONVTY/
Abbreviation

Definition

ORD
OSHA
PEL
POTW
PPE
PRG
QAQC
RAGS
RCRA
REL
RfC
RfD
RIFS
RME
ROD
RPM
RQ
RREL
SARA
SPEGL
'ILLV—C
TLV-STEL
TLV-TWA

TsSC

Office of Research and Development
Occupanional Safery and Health Admimistration
Permissible Exposure Level

Publicly Owned Treatment Works

Personal Protecuive Equipment

Preliminary Remediation Goal

Quahty Assurance/Quality Control

Risk Assessment Guidance for Superfund
Resource Conservation and Recovery Act
Recommended Exposure [evel

Reference Concentration

Reference Dose

Remedial Investigation/Feasibility Study
Reasonable Maximum Exposure

Record of Decision

Remedial Project Manager

Reportable Quantiry

Risk Reduction Engineering Laboratory
Superfund Amendments and Reauthorization Act
Short-term Public Emergency Guidance Level
Threshold Limit Values - Ceiuﬁg

Threshold Limit Values - Short.-lerm Exposure Limit
Threshold Limit Values - Time-weighted Average

Superfund Health Risk Technical Support Center
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PREFACE

Risk Assessment Guidance for Superfund:  Volume | — Human Healin Evaiuanon Manua
{RAGS'HHEM) Part C is one of a three-part senes. Part A addresses the baseline risk assessment; Par: B
addresses the development of risk-based preliminary remediation goals. Part C provides guidance on the
numan health risk evaluations of remedial alternatives that are conducted during the feasibility study, duning
selecuion and documentation of a remedy, and during and after remedyv implementation. Part C provides
general guidance 10 assist in site-specific risk evaluations and to maintain flexibility tn the anaivsis and
decision-making process. This guidance does not discuss the evaluation of ecological effects that takes place
curing remedy selection and implementation, nor does it discuss the risk management decisions that are
necessary at a CERCLA site (e.g.. selection of final remediation goals). The potential users of Part C are
persons involved in the remedy selection and implementation process, including risk assessors. risk assessment
reviewers, remedial project managers. and other decision-makers.

This manual is being distributed as an interim document to allow for a penod of field tesung and
review. RAGS/HHEM will be revised in the future, and Parts A. B, and C will be incorporated into a singie
final guidance document. Additional information for specific subject areas is being developed for inclusion
in a later revision. These areas include:

. development of short-lerm inhalation toxicity values:
. short-term worker health and safety issues; and
. determination of attainment of final remediation goals.

Comments addressing usefulness, changes, and additional areas where guidance is needed should be
sent to:

U.S. Environmental Protection Agency
Toxics Integration Branch (OS-230).

Office of Emergency and Remedial Response
401 M Street, SW

Washingion, DC 20460

Telephone: 202-260-9486
FAX: 202-260-6852

-xii-
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CHAPTER 1
INTRODUCTION

This guidance has been developed by the L.S.
Znvironmenta: Protecuon Agency (EPA) to assist
remedial project managers (RPMs), risk assessors,
site engineers, and others in using risk information
at  Comprehensive Environmental Response,
Compensation. and Liability Act (CERCLA) sites
to both evaluate remedial alternatives durnng the
feasibility study (FS) and 1o evaluate the human
heaith nsk associated with the selected remedial
alternative duning and after its implementation.
Pani C provides genera! guidance 1C assisi in size-
specific risk evaliations and to maintain flexibility
in the decision-making process.

Risk assessment is one of many tools that
RPMs use in selecting the best remedy for a site.
Other impornant tools (not addressed in this
guidance) involve the assessments Of technical
feasibility, applicable or relevant and appropriate
requirements (ARARs), cost. and
impiementability.

This guidance is the third part (Part C) (n the
series Risk Assessment Guidance for Superfund:
Volume I — Humar Health Evaluanon Manual
(RAGSHHEM). Pant A of this guidance (EPA
1989¢g) describes how to conduct a site-specific
baseline risk assessment: the information in Part A
1s_necessary background for Part C. Part B (EPA
1991¢) provides guidance for calculating risk-based
concentrations that may be used. along with
ARARs and other information, to develop
preliminary remediation goals (PRGs) during
project scoping. PRGs (and final remediauon
levels set in the Record of Decision [ROD]) can
be used throughout the analyses in Part C to assist
in evaluating the human health risks of remedial
alternatives.  Exhibit 1-1 illustrates the major
correspondence of RAGS/HHEM activities with
the steps in the CERCLA remedial process.

The steps for conducting a risk evafuation of
remedial alternatives are discussed in general terms
in Chapters 2 and 3; more detailed guidance for
conducting short-term evaluations is provided in
Appendices A through D. (See the box in the next
column for a description of how the terms short-

SHORT-TERM RISK VS. LONG-TERM RISK

Forthe purposes of this quicance. snori-term |

risks are those (hat octur Cunng impiemenialion ¢t
remedial alternative. Sonmie “short-term” risks con
occur over a penod of many vears (e.2., rsk !
associated with air stripper emissions). [ncontrast, |
long-term nisks are those that remain after remecy ’
impiementauon s complete (1.e., residual nisksy. \

term risk and long-term rnisk  differ n
guidance.) The remainder of this chapter:

this

+ presents the scope and an overview of Part C:

» discusses the statutes,
guidance relevant 10
remedial alternatives:

regulations, anc
the evaluation of

+ describes appropnate levels of effort for risk
evaluations of remedial alternatives:

« discusses the
communication;

importance of ik

* addresses the role of the RPM and the need
for documentation; and

+ presents the organjzation of the remainder of
this document

1.1  SCOPE AND OVERVIEW OF
PART C
1.1.1  SCOPE

As discussed in Section 1.2 below, some of the
nine criteria that are described in the Nanonal Ci!
and Hazardous Substances Pollution Contingenc
Plan (NCP} and that are used to evaluate remedia,
alternatives during the remedial investgauor
feasibility study (RLFS), involve 3 cirect vse !
risk-related information. Several aspects Of {hese
ritenia (e.g., shori-term rnisks 1o workers anc




EXHIBIT 1-1

RELATIONSHIP OF THE HUMAN HEALTH EVALUATION
TO THE CERCLA PROCESS

CERCLA REMEDIAL PROCESS

Remeaial L_ ) E

» Investgagon | | Remedy Sclection ' Remedial Designy Deleiony
Scoping o | and Record of Remedial Acnon | Five-year Review |
Fastily | Decision ’ |

Swdy ) - !

HUMAN HEALTH EVALUATION MANUAL

PART A
Baseline Risk Assessment

PART B

Development of Risk-based
| Preliminary Remediation Goels

PARTC
Risk Evaluarion of Remedial Altemanves
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surroundmg community, long-term effecuveness)
are discussed 1n cell in this guidance. Other
critenia that do not directly involve health nisk
{e.g.. implementability, cost) — with the exception
of commumty acceptance — are mentioned briefly
but are not discussed in detail.

Remedial alternatives, in addition 10 being
evaluated for the degree 10 which thev protect
human health, are evaluated {or their potential 1o
protect ecological receptors.  RAGS/HHEM
Part C does not address ecological nsk assessment
(see the next box). However, ecological guidance
specific 10 evaluating remedial alternatives in the
CERCLA program will be developed following
finalization of Agency guidance on ecological nisk
assessment.

EVALUATING ECOLOGICAL EFFECTS OF
REMEDIAL ALTERNATIVES

Remedial actions. by thewr nature, can alter
or destroy aquauc and terrestnal habitat.  This
potenual for destrucuon or alieration of habuat
and subsequent consequences must be evaiuated
so that it can be considered dunng the selection of

a remedial aliernative and durning  its
impiementauon.
This document does not address the

evatuaton of ecclogical nisks. Future guidance for
ecological evaluations is planned, however. At
present, ecojogicai evaluauons should be based on
the best professional judgment of experienced
ecologists  and/or  aquatk  Or  epviroamental
taxicolegists.

The guidance in this document applies to sites
contaminated with non-radioactive hazardous
substances and those contaminated with
radionuclides. Appendix D provides additional
guidance specific to radionuciide sites.

Note that this guidance is limited to the use of
risk assessment in evaluating remedial alternatives.
Part C does not provide guidance on the risk
management decisions that must be made when
evaluating alternatives and selecting a remedy (e.g.,
balancing of the nine NCP criteria, selection of
final remediation goals and levels) or engineering
judgments that affect the evaluation of alternatives
(e.g.. determining whether an alternative is likely
10 achieve remediation goals). These issues are

addressed 10 olier cuidance or in g
currently 1 being developed.
[.L.2 OVERVIEW

The process of evaiuating remedial alternatives
begins 1n the development anc screeming stage of
the FS and exiends into the deaiied analysis siage.
The major goal for the nisk evaluauon during these
steps 1s to provide decision-makers with specific
information that they may need in choosing among
alternatives. Additonal nsk evatuations mav need
to be conducted during the proposed plan, during
the design and implementation of the remedy, and
after the remedy is complete (e.g., duning "five-vear
reviews"). These activities are discussec beiow and
throughout this guidance.

Bxkibit 1-2 summaizes the levels of effort and
purposes of the risk evaluations of remedial
alternatives, while Exhibit 1.3 illustrates when
these activities take piace within the context of the
CERCLA remedial process.

Identification and Screening of Technologies
and Alternatives. Dunng this stage, a range of
remedial alternatives is identified. if necessary, and
each alternative is evaluated with respect to
effectiveness, implementability, and cost.  This
process may consist of two steps: (1) identification
and screening of iechnoloeies and (2) development
and screening of alternatives. These steps are
often combined into a single step (as reflected in
this guidance). Those alternatives that are cleariy
unfavorable relative to other alternatives in terms
of effectiveness (e.g., very high perceived risk) or
implementability, or that are grossly excessive in
cost are dropped from consideration after this
screening.  Part of the evaluation of effecuiveness
involves human heaith risk (e.g.. risks to the
community and remediation workers), and Chapter
2 of this document provides guidance on evaluating
these factors. RAGS/HHEM Part C does not
discuss evaluating factors such as impiementabiiity
and cosL

. Detailed Analysis of Alternatives. During the
detailed analysis stage, alternatives are evaiuated
according 10 each of the nine NCP evaluaton
criteria, and then are compared to each other.
Both long-term effectiveness (ie., residual nisk)
and short-term effectiveness (ie.. risk to the
community and remediauon workers dunng
remedy implementation) are evaluated during the
detailed analysis. Chapter 2 and Appendices A




EXHIBIT 1-2

SUMMARY O RISK EVALUATIONS OF REMEDIAL ALTERNATIVES

STAGE

LEVEL OF EFFORT®

PRIMARY PURPOSE OF RISK EVALUATION®

Short-term
Risk’

Long-term
Risk

Short-term Risk*

Long-term Rk

Screening of
Alternntives
(Section 2.1)

Qualitative

Qualitative

ldemify {(and eliminale frony consideration)
alternatives with clearly unacceptable short-tenm
risks.

TIdentify (and ctiminate from consideration)
altcrnanves with clearly unaceeptable fongacim iebs

Detniled Annlysiy
of Alternntives
(Scctn 2.2)

Qualitative or
Quantitative?

Qualitative or
Quamitative?

Liviluate short-term risks of each altermistive 1o
communily and on-site remediation workers
during implementation so that these risks can be
compaped among alternihves.,

Lvituate long term (residual) sk o) coch aliernative
and ats abiity 10 provide continued protecton over
e so thad these risks cian be compared amony,
Mieenahives,

Proposed Plan
{Scction 3.1)

Oualitathive or
Quantitntive?

Ouanlitative or
Quantitaine?

lehine previous analyses, is needed, based on
newly developed intormation.,

Renme previoos analyses, iy needed, Dised on newly
developed information.

flecord of Necision
(Section 1.2)

Qualative or
Quantitiative?

Onaluntive or
Quantitanive?

Document shorl-term risks that nmay oceur
during remedy implementation,

Document risks that may remain alter complenion of
remedy and determine need lor ive year revicws,

Remedin Design

Qualitittive or

Qualititive or

Reline previous analyses, as needed, and

Rehine previous imalyses, as needed, wnd idenuly

(Scction 3.4)

applicable

(Sechion 3.3) Quantitative? Quantititive? identify necd for ¢ngincering conlrols or othes nced for enginecring controls or other measures to
measures 1o mitigate risks. ' nutigate risks.
Remedinl Action Quantitative Quanutative Iinsure protection of workers and communily by | Evaluate whether remediation fevels specified in
{Section 3.3) monioring emissions or exposure ROD have been attained and evaluate residua) sk
concenlrations, as needed. alter completion of remedy 10 ensure protectivencess.
Five-yenr Review Generally aot (Quantiative Generally not applicable. Conlirny that remedy (includimg any cagmeerimg or

Institunsonal controls) remains operanonal and
functiomal and evaluate whether clean-up standards
arc still protective.

*1evel of eifort (e, qualtative or quannitaiive) refers only 1o the tevel of risk evaluation that is gencersty expected

I evels ather than those presented here, o

combinitions af levels, are possible. See the main text of this document for additional discussion on level af cllort.

" Purpose presented i this exhibit tor cach stage s only the primary purpose; other purposes may exist, See the nim text ol tns document (or additional mtomation

CShoct-terim rnk ceters to risks that occnr dunmy remedy implementation

4 INTANT on 2

con

Hons !

rendn

“hether svacahtative or quantitative risk cvirua

wonceded Tor these stoages
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EXHIBIT 1-3

RISK EVALUATION OF REMEDIAL ALTERNATIVES IN THE

CERCLA PROCESS

STAGES IN REMEDIATION

Remedial
Investigation

Feasibility
Study

Selection of
Remedy

Deletion/
Five-year Review

Remcedial Design/

— -

Remedial Action

STAGES IN EVALUATING REMEDIAL ALTERNATIVES

Evaluate Risks
During Screening
and Detailed
Analysis of
Alternatives
-

. Document Risks

Develop Proposed —
Plan and

of Alternatives
in Record of
Decision —

—

Evaluate Risks
During Remedial
Desipn/Rer: <> ial

Actior -

Revisit

Protecliveness

Evaluate Attainment of
Final Goals and i
Residual Risk




through D of this document provide guidance on
the evajuauon of the nsk-related aspects of long-
term effectiveness (residual risk and permanence),
and short-term effectiveness. (AS with the
screening of alternauves. Chapter 2 generally does
not discuss evaluation of the other critenia, which
dc not directly involve human health nsk
censiderations.) The resulting risk information is
incorporated into the overall detailed analysis
process described in the Guidance jor Conducning
Remedial  [nvestigations and Feasipility Srudies
Under CERCLA (RI/FS Guidance; EPA 1988¢).

Proposed Plan and ROD. Risk evaluations are
generally conducted during the development of the
proposed plan and ROD onily when new
information concerning nsks of the remedial
alternatives is generated. Chapter 3 provides
guwidance on the evaluation of risks for the
proposed plan and ROD siage.

Remedial Design/Remedial Action (RD/RA).
Risk-related evaluations may also be conducted for
some sites during implementation of the selected
remedv. These activities, discussed brieflv in
Chapter 3, include: (1) refining risk evaluations as
necessary when designing the remedy;
(2) monitoring potential short-term health impacts
on the community and workers: (3) assessing
attainment of final remediation levels sejected in
the ROD: and (4) evaluating residual risk.

Five-vear Review. Under the NCP, five-vear
reviews are required for sites as long as hazardous
substances remain onsite above levels that allow
unlimited use and unresiricted exposure, and are
also conducted as a matter of policy for long-term
remedial action sites even if no hazardous
substances are expected (o rema:n after completion
of the action. Chapter 3 briefly addresses the
consideration of risk durning five-vear reviews.

1.2

RELEVANT STATUTES,
REGULATIONS, AND
GUIDANCE

As discussed in RAGS/HHEM Part A, there is
a hierarchy of requirements and guidance in
CERCLA. beginning with the laws enacted by
Congress, followed by the regulations. and then the
guidance deveioped by EPA. This section
addresses this hierarchy within the context of the
risk evaluation of remedial aliernatives.

1.2.1  CERCLA SARA

CERCLA. commoniy called Superrune, was
enacted by Congress in 19380 in response 10 tne
cangers posed by sudden or otherwise uncontroiled
releases of hazardous substances. pollutants, or
contaminants nto  the environment. The
Superfund Amendments and Reauthorizauon Act
{SARA) was enacted in 1986. (All references 10
CERCLA In this guidance should be interpreted as
"CERCLA as amended by SARA ™)

Section 121 of CERCLA requires that
remedies be protecuve of human heaith and the
environment, satisfy ARARS. be cost-effective, and
utilize permanent soluticns and alternauve
lreatment technologies 10 the maximum exient
practicable. Section 121(c) of CERCLA requires
a periodic review of remedial actions, at least every
five vears afier initiation. for as long as hazardous
substances that may pose a threat to human heaith
or the environment remain at the site. The
information in this manual provides gwidance for
evaluaing the protectiveness of remedial
alternatives at a site in terms of the human health-
related aspects of these CERCLA requirements.
Some considerations include  protectiveness,
effectiveness in terms of risk reduction. and degree
of hazard for substances remaining at the site.

1.2.2  NCP

The NCP is the main set of regulations
developed by EPA to implement CERCLA. The
most recent NCP was published on March 8. [99C
(55 Federal Regisrer 8666-8863) and is codified at
40 Code of Federal Regularions (CFR) Part 3X
Section 300.430(e)(1) of the NCP describes & two-
stage evaluation of remedial alternatives: a
screening evaluation of a range of alternatves. 1f
necessary, followed by a detailed analvsis of the
most promising alternauves. The NCP also
describes activities that follow selection and
implementation of the selected remecial
alternative.

" Screening. NCP section 300.430(e)(7)
indicates that, if necessary and 10 the extent
sufficient information is available. alternatives
should be screened out if determined 10 be
ineffective, not implementable, or grossly excessive
in cost. Some aspects of effectiveness invoive
considerations of human health risk and are
discussed in this guidance.




Detailed Analysis. The NCP estabiishes nine
critenia in secuon 300.330(e)(9)(iii) to use n
evaluaung alternatives in detail and in selecting a
remedy. Parts of three of these criteria — overall
protecuon of human health and the environment.
long-term effectiveness and permanence. and short-
erm effectiveness — directiy relate 10 risks and
therefore are the focus of this guidance. The
actual selection of a remedy for anv given sie
ultimately 15 based on consideration of the nine
criteria. This guidance also discusses the
imporiance of risk communication 1o the
community as it relates to the critenion of
community acceplance.

Five-year Reviews, NCP section
300.430(f)(4)(ii) provides that if a remedial
alternative is selected that resuits in hazardous
substances (or pollutants or contamiran’s)
remaining at the site above levels that allow for
unrestricted exposure and unlimited use, such
remedy should be reviewed at least every five vears
after initiation of the selected remedial alternative.
1.2.3  OTHER RELEVANT GUIDANCE

Three CERCLA program documents are
important background for the guidance presented
in this document ~ RAGS/HHEM Paris A and B
(EPA 1989¢; EPA 1991¢), and the RI/FS Guidance
(EPA 1988c). Parts A and B provide guidance on
conducting a baseline risk assessment and on
developing risk-based concentrations, respectively,
that should be used in evaluating remedial
alternauves. The activities conducted during a risk
evaluation of remedial alternatives are somewhat
similar 10 the acuvities conducted during a baseline
risk assessment.  (Chapter 2 discusses in more
detail the similarities and differences.) The RUFS
Guidance describes the major activities and
analyses that are conducted during the RI/FS. See
the references at the end of this document for
other relevant background guidance.

1.3 LEVEL OF EFFORT

The level of effort for risk evaluations of
remedial alternatives depends primarilvon the site-
specific questions that must be answered in order
to sefect_and impiement a remedyv. In addition,
site-specific factors such as the complexity of the
site. the number of aiternatives considered for the
site, the available resources, and the amount of
available data may affect the level of effort. In
most cases, a qualitalive rather than a detailed

quantitanive evaiuauon of botn lung-term unu
short-term nisks 15 all that 1s needec 10 seject ine
MOSst appropriate alternatve. A guantitduve risx
evaluanon of remedial alternatives will not neec ¢
be conducted for all sites. [n all cases. the baseline
risk assessment provides much of the nsk-related
information needed for the detatled anatvsis of
alternatives, especially for those alternauves trhat
involve limited Or no acuon.

For many sites, the risk evaluations of
remedial alternatves during the FS are conducted
in a qualitauve manner.  That is. the rik
evaluations during both the screening and detailed
analysis stages for these sites will not be at all
quantitative. Al other sites, a more quanuiaune
analysis of the long-term and/or short-term risks
associated with the remedial alternatives mayv bte
nseded during the detailed analvsis. [n these
situations. the risk evaluation generally needs 10
incorporate more site-specific information.

A guiding principle is that the risk evaluation
should be tailored 10 provide the RPM with
specific information that he or she needs for
supporting the selection or design of a remedv
(e.g., the relative risks associated with alternauves,
the aliernatives that best meet the remediation
goals). Because of the differences in information
needs and available data for sites, in the complexity
of sites, and in available methods, models. and
resources for evaluation, all of the components of
this guidance will not be applicable to all sites.

Chapter 2 provides some additional factors 1o
consider when deciding on the level of effort @
use for the risk evaluauion of remedial alternanves.

1.4 IMPORTANCE OF RISK
COMMUNICATION

As noted earlier, while overall protecuon of
human heaith and the environment is one of the
threshold criteria established by the NCP for use in
evaluating alternatives and selecting a remeds.
community acceptance of the remedy 15 a
modifying criterion (NCP section 300.430(e)(®)
(iif)). The CERCLA program encourages anc
promotes public participation during all phases o!
the decision-making process at CERCLA sites.
Just as risk information is used by RPMs and cther
EPA staff 1o assist in evaluation of remecia!
alternatives during the FS and to evaluate tne
selected remedial alternative during and -afler 1




impiementauon, risk information also will be
empioved by the public in their acceptance ol 3
selected remedyv. Good communicauion of the risks
of the remedy 10 the public is crucial o the
community’s acceptance of the remedy.

There is no single procedure for good risk
communication. The actual mechanism used and
the messages delivered will vary from site to site
and wiil depend upon the public, their level of
concern, the complexaty of the site, the
contaminants of concern. and the proposed
remedial alternative. RPMSs are encouraged to
work with the risk assessor and community
relations coordinator for the site to develop the
approprate means 10 communicate risks from the
remedial alternauve or any residual risks. RPMs
should consider using fact sheets, public meetings,
and the release of draft documents or "risk
communication” summaries as vehicles for risk
communication. Communirv  Relations  in
Superfund: A Handbook (EPA 1988a) offers
guidance on planning and conducting CERCLA
communiry relations activities.

Regardless of the vehicles chosen for risk
communication, the following rules, from Seven
Cardinal Rules of Risk Communicarion (EPA
1988(), shouid be kept in mind.

» Accept and involve the public as a legitimate
partner.

= Plan carefully and evajuate your efforts.
- Listen to the public's specific concerns.
+ Be honest, frank. and open.

»  Coordinate and collaborate with other credible
sources.

+ Meet the needs of the media.
*  Speak clearly and with compassion.

As provided under the NCP, risk
communication, public participation, and
community relations at CERCLA sites begin well
before the remedy selection phase. This is
important, as communities near CERCLA sites
may begin with a degree of outrage that must be
addressed before effective communication can
begin. Community relations, public involvement,
and good risk communication continue throughout

the RITS process. A well-informead public will ne
betier aple (0 comment on — anc provide input
— (ecnmical gecisions.  Esiablhishing credivihin
througn community relations. public parucipat:on.
and effective sk communication practices earlv in
the CERCLA process leads 10 greater communin
acceptance of the selecied remedy.

1.5 MANAGEMENT AND
DOCUMENTATION

One role of an RPM in the risk evaluation of
remedial alternauves Is 10 make risk managemen:
decisions. The RPM must have a comprehensive
understanding of the nisk evaluauon in order 10
make these decisions. The first box on the next
page provides questions that RPMs and other
decision-makers should ask about the risks of
rcmedial alternatives at their sites. The seccnc
box provides guidance on where 1o document the
evaluations addressed in RAGS/HHEM Part C.

1.6 ORGANIZATION OF THE

DOCUMENT

The remainder of this guidance is organized
into two additional chapters and four appendices.
as follows:

* Chapter 2: Risk Evaluation During the
Feasibility Study;

* Chapter 3: Risk Evaluation After the
Feasibility Study;

*« Appendix A: Selected Remediation

Technologies and  Associated Potennat
Releases;
. Appéndix B:  Guidance for Quanufving

Potential Releases from Seiected Remedianon
Technologies;

* Appendix C: Short-term Toxicity Values; and

* " Appendix D Radiation Remediation

Technologies.

In addition, several boxes, such as those below,
provide useful information. A second kind of box.
a "shadow" box, provides case studies. These boxes
are presented at the end of Chapter 2.
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QUESTIONS RPMs SHOULD ASK ABOUT HUMAN HEALTH RISKS OF REMEDIAL ALTERNATIVES

Which technologies can readuy achieve all prenminary remeciation goats (PRGsyin a onven mecium” Wha
LRCerianies are invorved in s gelerminancn”

Which alternatrves wall clearty nOU address the significant human exposure oainwavs Icentied in ne basehne risx
assessment’

Are the expecied residual nsks Or shori-term nsks rom one allernative Sizmiiicantlv cillgrent rom anoiner?

What other risk-based benefits (e.g.. shorter ume 1 achieving goals) are reaized by se!
another?

13

Will implementauon of speaific technologies create new chemucals of conce or new significant exposures or risss
for the surrounding communiry?

Is there a peed for engineenng controfs OF other measures 16 MuNgale 1isKs cunng implemenianon? Are seon
controis availablie? How reliabie are these controls?

Does the remedial alternauve resull in hazaraous substances remaining al 1ng site suln (hat a Ive-year review or
reviews would be required?

"""

M

DOCUMENTATION OF RISK EVALUATIONS

The nisk evaluation conducted dunng the development and screening of alternatives (Section 2.1) and dunng the
detalled analysis of alternatives (Section 2.2) should be documented in the FS.

The proposed pian (Secuon 3.1) should contain a summary of the risk evaluatens for the alternauves, including
any new risk wformauon 1denufied dunng development of the propesed plan.

The ROD (Section 3.2) should contawn the results of the risk evaluauons of the alternatves anc the preferred
aliernairve, including any resuits deveioped since the proposed plan.

Any significant changes idenufied during RD/RA (Section 33) in the risk evaluanuons shoulc be documented (e.g
in a memorandum).

Each frve-vear review (Section 3.4) should contain a statement on protectiveness and, i necessary, a rezalculation
of nsk and/or a new nsk assessment.




CHAPTER 2

RISK EVALUATION DURING
THE FEASIBILITY STUDY

The FS generally is a two-step process of
evaluating remedial alternatives: (1) screeming. if
necessary, and (2) a more detailed analysis for
those alternatives that pass the screemng. The
RLFS Guidance provides informanon on
conducung the FS and describes all of the
evaluations that are performed. Scme of these
evaluations pertain (o human health risk. and the

guidance o this chapler assists in these
evaluanons.  (Ecuiogical effects of remedial
alternanives — not discussed in RAGSHHEM

Part C — also must be considered during the FS.)
2.1 RISK EVALUATION DURING
DEVELOPMENT AND
SCREENING OF
ALTERNATIVES

The overall objective of the development and
screening  of alternauves is 1o idenufy an
appropriate range of waste management options,
some of which will be analyzed more fully in the
detailed analysis phase. This process usually takes
place relatively early in the RI/FS process, during
project scoping (before the baseline risk
assessment is completed).

The NCP speafies that the long-term and
short-term aspects of three criteria — effectiveness.
implementability, and cost — should be used 10
guide the development and screening of remedial
alternatives. At screening, those alternatives that
are clearlv unacceptable in terms of effectiveness
or implementability or are grossly excessive in cost
may be eliminated from further consideration.

Copsideration  of effectiveness  involves
evaluating the long-term and short-term human
health risks — among other factors — associated
with a remedial alternauve. The criteria of
implementability and cost are not related 1o risk
and. therefore. are not discussed in this document.

2.1.1  CONSIDERATION OF LONG-TERM

HUMAN HEALTH RISKS

The long-term human health risks associazed
with a remedial alternative are those risks that wij}
remain after the remedy is complete (i.e., residual
risks).  Evaluating long-term risks might idealiy
include an assessment of the risks associated with
treatment residrals and untreated wastes for a
Ireatment-based re.nedv), or an cvaiuation of thc
remedy’s ability 10 provide prolectiveness over time
{for a containment-based remedy). This approach
might simply involve comparing estimates of the
final concentrations that a remedy is expecied (o
achieve in a medium with the PRGs for those
chemicals in that medium. At the screening stage,
however, this evaluation typically is based on
professional judgment and the experience of the
CERCLA program siaff. Quanufying residual risks
during screening generally is not necessary. For
example, a technology may be evaluated during
screening for ils potential to treat the classes — or
treatability groups — of chemicals present at the
site (e.g., volatile organics, halogenated organics,
non-volatile metals) rather than its ability to mee
chemical-specific PRGs.  See Section 2.2.)
addijonal _informauon _on _ long-term
associated with remedial aiternauves.

o7

risks

!J
—
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CONSIDERATION OF SHORT-TERM
HUMAN HEALTH RISKS

The short-term human health risks associated
with a remedial alternative are those nsks that
occur during implementation of the remedia!
alternative (e.g., risks associated with emissions
from an onsite air stripper). Because some
remedies may 1ake many vears 10 compiete, some
“short-term” risks may actually occur over a period
of many vears. Populations that may be exposed (¢
chemicals dunng remedy implementation incicde:
(1) people who live and work in the vicinity of the
site and (2) workers who are invoived in site
remediation.  As with the consideraton cf fong-
term nisks, this evaluation s based primarily on

——

—



many simplifving assumpuons and or. professional
judgment at the screening stage and is intended 10
identifv alternauves with clearly unacceptable
short-term risks. See Section 2.2.2 and Appendices
A and D for additional information on evaluating
alternatives for shon-term nsks dunng screening
and development of alternatives.

RISK EVALUATION DURING
DETAILED ANALYSIS OF
ALTERNATIVES

2.2

The overall objective of the detailed analysis of
alternatives is to obtain and present the
information that is needed for decision-makers 10
select a remedial alternative for a site. This
detailed analysis usually takes place dunng the
later stages of the RI/FS process (i.e., near the end
of or after the baseline risk assessment, when
PRGs may have been modified). As discussed
previously, two of the balancing criteria assessed
during the detailed evaluation — long-term
effectiveness and short-term effectiveness — involve
an evaluation of risk In addition, these critenia
are considered in evaluating the criterion of overall
protection of human health and the environment

The risk evaluations of remedial alternatives
involve the same general sieps as the baseline risk
assessment: eXposure assessment,  1OXiCity
assessment, and risk characterization. The box on
this page discusses the connection between the
baseline risk assessment and the nisk evaluatjons of
remedial alternatives.

The guidance provided in this section assists in
assembling and using available site-specific
information for the purpose of completing the
detailed analysis of remedial alternatives,
specifically the evaluation of criteria that penain to
human health risks. The box on the next page lists
several sources of information that can be used in
the risk evaluations that are conducted during the
RIFS. The box on page 14 addresses the question
of whether a quantitative evaluation is needed.
The case studies at the end of this chapier provide
examples of a qualitative and a quantitative
evaluation of long-term and short-term risks during
the detailed analysis.

CONNECTION BETWEEN THE BASELINE
RISK ASSESSMENT AND THE RISK EVAL-
UATION OF REMEDIAL ALTERNATIVES

A nsk evaluanon of remeqial aliernatives
follows the same general sieps as a baseline risk
assessment.  Detailed guidance on each step s
provided 1t RAGS/HHEM Pan A whieh must be
reviewed anC_ uncerstood _bv lhe sk assessar
hefore 2 nsk evatuauon of remedial alternatives s
conducted. Note, however, that the baseine risk
assessment fypially s more quantnative and
requires @ higher ievel of effort than the risk
evaluauon of remedial altermatrves. Qther
differences (and sumilanties) are listed below.

Evajuate Exposure (Part A — Chapter 6)

»  The source of releases for the baseline nisk
assessmen! © untreated site contamination
while the source of reicases for the evaluation
of remedial alternatives is the remedial action
iself (plus any remaining waste).

« Exposure pathways associated with
implementadon of remediation technologes
may inciude some pathways and populations
that were pox present (or of concern) under
baseiine conditions.

» ‘The evaluaton of shortderm expasures
assocated with remedial allerpaoves may
cousider 8 number of different reieases tnat
occur over varying gurauons.

Evaluate Toxicity (Part A — Chapter 7)

« The msk evaluation of remedial aiternatives
often iovoives less-than-lifetime exposures that
require appropriate shortierm taxaty values
to characterze risk or hazard.

» The risk evaluation of remedial alternatives
may include an anatysss of chemicals that were
not present under baselne conditions (i.e..
created as a result of the remedial aliemnative ).

Characterize Risia (Part A — Chapter 8)

» A nsk cvaluation of remedial alternatrves
generally considers risks Lo onsite workers. as
well as nsks 10 1he surrounding commumity.

¢ There are additional uncertainties invotved 10
" evaluating risks of remedial alternatives that
are oot coosdered in the baseline sk
assessment (e.g, confidence m performance of
remedies and patterns of predicied releases
contidence in attainment of dean-up levels). |
R




SOURCES OF INFORMATION FOR RISK EVALUATIONS DURING THE FS

Baseline Risk Assessment. Much of the data collected durnng the baseline nsk assessment ¢an aiso be used
10 caiculate the long-term residual nsk associated with a remedial alternatve. Some of the data may be appucacie
1o caicuiation of risks during the remediat action. Some of the information from the baseiine nsk assessmeast that may
pe useiui for anahzing the risks assocated with the remedial aliernative includes:

s exposure seting. including exposed populauons and future land use (RAGS/HHEM Pan A Secuon 6.2):

*  exposure pathways, including sources of contamupaucn, chemicals of concern, fate and transport of chermicais
after reicase, and exposure poiats (RAGS/HHEM Part A, Secuon 6.3):

s general exposure considerations, including contact rate, exposure frequency, and duranon (RAGS/HHEM
Part A, Secuen 6.4);

v exposure concentrations, incliftiing monntoring data, modeling results, and medi3-speCiiic 7 sulls
(RAGS/HHEM Pant A, Settidon 6.5Y;

. esumates of chemcal intake (RAGS/HHEM Part AL Section 6.6);

*  toxeiy wnfcrmauon (€.g., changes/additions to Integrated Risk Informauon System {IRIS) anc Health Effects
Assessment Summary Tables [HEAST]) (RAGS/HHEM Part A, Chapter 7);

s quanuauon of risks (RAGS/HHEM Pan A, Secuon 8.6); and

*  uncerzinues assoclated with toxicity assessment, exposure assessment, and baseline risk charactergzanon
(RAGS/HHEM Pan A, Secuons 6.8, 7.6, and 8.5).

Treatability Studies. Treatability investigations are site-specific laboratory or field studies, performed enher with
laboratory screening, bench-scale, or pilot-scale study (see Section 53 of the RUFS Guidancs). Genenc studies for
technotogies (e.g., those performed by 8 vendor) can aiso contain useful informavon. Treatabthry studies may provide
nsk-related data such as (1) information on shori<erm emussions and (2) information on removal eficienaes of 8
technology. This information may be especiaily usefu} when considering mnovative technolomes. Guide ro Condusnng
Treatubiiity Saudies under CERCLA (under deveiopment by EPA's Risk Reduction Engineenag Laboratory) provides
a three-uered approach 10 conducting treatability studies during screenung, seiection, and design of remecial
aliernatives. Chapter 5 of the RUFS Guidance, especally Section 5.6, provides nformauon on evawaung ihe
applicabiiity of the treatability study results (e.g.. determninauon of usefulness, documentauon. usefulness of residual
informaton, apphcauon of laboratory/ bench/plot studies to full-scale system).

Feasibility Studies or Other Analyses for Comparable Sites. If a nsk evaiusuon of one of the aliernatves peing
considerec was conducted dunng the FS (or later stages) for a site with sumiiar wastes and simiiar condiions. scme
of the informaton that was developed may be heipful in cnaractenizing the short{erm oOr long-lerm risks assacated
with.that afternatrve. This type of informauon should be examined carefully to determine wnether the anatyses are
appropnate for the site currently being evaiuated. Differences in the types of hazardous substances present.
charactenstics of environmental media, meteorotogical conditions, locations of receptors, of other factors couid resull
in large differences in the nsk evaluation.

The Engineening and Technical Suppornt Center of EPA’s Risk Reduction Engineenng Laboratory (513-569-7406
or FTS 684-7406) can provide informauon concerning treatability studies and evaluauons of remedial tecnneiogies.




| FACTORS TO CONSIDER WHEN DECIDING
WHETHER A QUANTITATIVE RISK
EVALUATION IS NEEDED

The demsion of whether to conduct a
quanitatrve or qualhtative risk evajuauon depends
on: (1) whether the refatrve shori-term or iong-
term effectiveness ol aliernatives S an importani
considerauon in selecung an alternative and (2) the
"perceived nisk” associated wath the alternative.
The percewved risk ncludes both the professional
nudgment of the site €12INEErS ana sk assessors
anc the concerns of nerghbonng communines.
Some factors thal generally lead 1o a higher
perceived nsk are as follows:

» close praxmity of populauons;

<  presenze of highly or acutely toxe chemicals:
. rechnciogies with high release potenual, either
pianned or "actigental”;

«  high uncernainlies I the nature of reieases
fe.g., amount or idenury of contaminants
released) such as might exist with use of
certain innovative technoiogies;

+  rwiuple contaminants  and/or  exposure
pathways affecting the same indmduals;

+« multple reieases occurmnng simultaneousty
{e.g., from technologies operaung in close
proximity);

* muluple releases occurring from remedial
acuons at several operable umts 1o close
proximity; and

= releases occurnng over loag penods of ume.

[f consideration of these (or other) factors
leads to a high percerved nsk {or an alternative, a
more guantiatve evaluaton, isduding emission
mocdeling and/or detailed treatability studies, may
be heipful in the decision-making process. For
| exampie, if one alternative considered for a site

INVOIVEs extensive eXcavalion in an area that is very
ciose 1o residenual popuiations, then a more
guantiztive evalvation of shon-ters nsks may be
nesdec 10 evaluate this alternative. In addwion,
other factors. such as availlable data and resources,
may affect the level of detail for these nsk
evaluatons.

A R A Y

EVALUATION OF LONG-TERM
HUMAN HEALTH RISKS FOR
DETAILED ANALYSIS
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Evaluation of the long-term human heaith
risks associated with a remedial alternative
involves: (1) evaluauing residual nisk and
(2) evaluating the alternanve’s ability (0 provide
protection over ume.

Evajuate Residual Risk.  Because PRGs
generally are based on chronic human heaith risk
considerations (e.g., ARARs such as maximum
contaminant levels (MCLs). or nisk-based
concentrations), they usually provide the standard
to use to evajuate long-term health rnisks. When
site engineers are developing alternatives and
determining whether a technology s capable of
achieving PRGs, they are in effect evaluating
residual nsk. (Therefore, the resulls from using
RAGS/HHEM Part B and other guidance on
remediation goals are very important for this part
of the analvsis.)

Most of the ume it will be sufficient for the
detaijed analysis to indicate whether or not an
alternative has the potential 10 achieve the PRGs,
rather than to quantify the risk that will remain
after implementation of the aliernauve. If more
detailed information concerming long-term nsk is
needed 10 select an alternatve (e.g., to determine
the more favorable of two otherwise similar
alternatives), then it may be useful 1o determine
whether one alternative is more certain ¢ achieve
the PRGs than the other, whether (or to what
extent) one may be able to surpass (ie. achieve
lower concentrations than) the PRGs, or whethr
one may be able 1o achieve the goals in a shorte.
ume.

Certain remedial technologies {e.g
incineration) may produce new contamunants thc
were not present at the site under baselin.
conditions.  The risks associated with thes:
additional substances generally should be
evaluated. Another consideration in evaluaun,
the residual risk associated with some aliernative
is the level of confidence in the ability of the
remedy as 2 whole 10 achieve the site engineers’
predictions. For some technologies (e.g.. grouna-
water extraclion and treatment technologies), pas’
experience has indicatec thai. 1n some siuauorn:
it may be difficult or impossible 10 achieve .
predicted goals. This information on th:




uncertainty associated with an alternative mav be
an imporiant factor in sejecling a remedy.

After the individual technologies comprising a
remedial alternative have been examined
separately, then the alternative as a whole should
be examined to determine the extent 1o which it
meets the PRGs for all of the contaminated media
and all of the contaminants of concern. Even if
PRGs will be met, potential cumulative effects on
human health due to muluple contaminants,
media, or exposures mav need 10 be considered. [f
an aiternative will not meet the PRGs for all
media or contamnants of concern or if cumulative
effects are a concern, this information should be
highlighted in the presentation of the results of the
detailed analysis.

Evaiuate Protectiveness Over Ti< -
Evaluating whether an alternative is likelv 10
maintain the specified level of protectiveness over
time (often referred to as "permanence”) involves
using expert engineering judgment In particular,
if an alternative relies on engineenng or
institutional controls to reduce or eliminate
exposure 10 contaminated media, then the ability
of these controls to maintain protectiveness shouid
be considered. These types of remedies provide
protection by reducing or eliminating exposure 0
hazardous substances rather than eliminating the
hazardous substances or reducing their
concentrations, volumes, or toxicity. Failure of
such remedies could lead to an increase in
exposure and therefore an increase in nsk. For
example, if a remedy includes the capping of
contaminated soils. then the potentiai future
exposures due to cap failure include direct contact
with soils and the leaching of contaminants 1o
ground water.  The worst<ase situation of
complete comainment system failure 1s unlikely to
occur, however, because five-year reviews (see
Section 3.4) are conducted at al] sites where wasies
are managed ansite above concentration levels that
allow for unrestricted use and unlimited exposure.

EVALUATION OF SHORT-TERM
HUMAN HEALTH RISKS FOR
DETAILED ANALYSIS

3373
L AL 2T 4

Short-term health nsks generally include any
current baseline risks plus any new risks that
would occur while implementing the remedy. As
discussed previously, the evaluation of potential
shori-term risks involves the same general steps as
in the baseline risk assessment. These steps,

however, generally will not pe conduciel o tre
same level of de:ali for the FS.

Other ymportant pomnts concerning lese! o
effort should be emphasized here. For examnpie.
the Resource Conservauon and Recovens Al
{(RCRA) has performance siandards for many
commonly used CERCLA remedial technologies
(e.g.. incineration). The risks associated with many
of these technologies were analyvzed in develeoing
these standards, and the standards were set sueh
that the risks associated with operation o! the
technology would be acceptable. Therefore. 2
detailed evaluation of the risks assouated with
RCRA-regulated technologies generally would nut
be necessary. On the other hand. depending on
site-specific factors such as the toxiaity of site
contaminants and the proximity of populations. a
more detailed evaluation of short-ierm niske nav
indeed be appropriate.

Detailed analyses may also be approprate for
less-characterized technologies (e.g, innovaine
technologies).  In addition, alternatives wath
multiple short-term releases or substanual baseline
risks may need a more dewailed evaluanon 10
determune whether cumulative risks are expected 1o
be within acceptable levels.

Of special note is that the shori-term nisk
evajuation for remedial aliernatives dunng the
detailed amalysis includes an evaluation of the
potential for short-term risks to two groups of
individuals: (1) neighboring populations [which
include onsite workers not associated with
remediation) and (2} onsite workers associated
with remediauon.

Appendices A through D provide informauon
that can be used when a more quantitative
evaluation of short-term risks is needed 10 support
the selection of a_remedv.  Chapter & !
RAGS/HHEM Pan A also provides guidance on
characterizing short-term risk.

Evaluate Short-term Exposure. A qualitative
exposure assessment for remedial alternatives
during the detailed analysis generally involves —
just as in the baseline risk assessment. but i 2 less
quantitative manner — using the conceplt !
reasonable maximum exposure (RME) to evaiuate
release sources, receiving media, fate and transpert,
exposure points, €Xposure roules, and feseptors
associated with a particular alternanve.




An mporiant cifference berween the baseline
rsk assessment and the risk evatuauon of remedial
alternatives involves exposure sources. ror the
baseline risk assessment. the source of exposure is
untreated site contamination.  For remedial
alternatives, however, the potential sources of
exposure are the releases that result from the
implementation of remedial technologies. In
addition, some remedial alternatives  (e.g.,
incineration, biodegradation) may resull in new
chemicals that were not previously assessed for the
site.

The first step of the exposure assessment
involves identifving the Wvpes of releases associated
with a particular waste management approach.
During the detajled analysis, methods for
mitigating  potentially significant  shori-term
releases should be examined, and releases that are
expected 1o be most difficult to control should be
highlighted.

Appendices A and D of this guidance each
contain two matrices that should assist in
characterizing the releases that may occur during
remedy implementation. Exhibit A-1 provides a
brief description of common remedial technology
processes, and Exhibit A-2Z summarizes potential
releases to different media dunng the normal
operation of various technologies. Exhibit D-1
provides a summary Of releases associated with
radiation remedial technologies, and Exhibit D-2
includes a qualitative estimate of the potential
short-term risks posed by a radiation remedial
technology.

After the releases and their receiving media
have been identified, the next siep of the exposure
assessment is 10 determine whether major exposure
pathways exist. Characterizing  site-specific
exposure pathways involves identifying:

the
the

+ the general fate and transport of
contaminants that are released from
technology (e.g., downwind transport);

+ the potential exposure points and receptors
(e.g., nearby downwind residents); and

+ potential exposure rouies (e.g., inhalation).

Exhibit 2-1 illustrates an example of an exposure
pathway for a remedial aiternative. More detailed
information concerning exposure pathways (s
available in Chapter 6 of RAGS/HHEM Part A

The flow charts contaned in Exhibit 6-6 ¢of Part &
are parucularly  usetul 1 determining  ne
populauons potenuaily exposea by releases Intc a
parucular medium. Transfers of contaminants
from one medium

10 other media also are

agdressed.
At this point. a gquanlitauve exposure
assessment — f needed —~ would invoive (in

addition (o idenulving release sources, exposure
routes, and exposure points):

* quanlifving releases;
» evaluating environmental fate and transpor

+ determining exposure poImnt concenirations:
and

* cajculating iniakes.

All of these steps are discussed in Chapter 6 of
RAGS/HHEM Part A.

Throughout the shori-term  exposure
assessment, the assessor must continually ask
whether the potential exposure warrants the level
of quantitation being used. At times. the answer
may not be known unti} the end of the exposure
assessment.  For example, if short-term exposure
was estimated to be verv similar to long-term
exposure, it wouid not be necessary 10 expend
resources to obtain the short-term oxicity
information needed 10 quantitatively characterize
risk.

A major difference between the exposure
assessment conducted during the baseline risk
assessment and the one conducted during the risk
evaluation of remedial aliernatives is the
evaluation of the timing and durauon of releases.
Because a number of different activities will take
place dunng implementation, it is likely that the
quantities of hazardous substances released to the
environment will vary over time. For example. as
seen in Exhibit 2-2, one remedy can have several
distinct phases, each with different exposure
potentials. It may be important to determine the
sequence of events and likely acuviules at eact
phase of the remediation, so that the exposurt
point can be evaluated for each phase. This wil
also ensure that appropriate short-term exposur
durations are identified and that the potential ic
releases to occur simuitaneously and thus result
cumulative risk is considered. As seen
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EXHIBIT 2-1

ILLUSTRATION OF AN EXPOSURE
PATHWAY FOR A REMEDIAL ACTION

Exposure Medium

{Air) - Transport Medium (Air)
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—— * —
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Pie 4 round Water

~_ /—j E iupm and Treat

Inhalation - Farna

Exposure Route 2 | Ry el

Site PR Y% Comtaminated

-7 == Grouna Water
Exhibit 2-2. this issue is complicated by the concentrations. generally last for varving durations
possible presence of baseline exposures. and correspond to less-than-lifetime exposures.
Consequently, any toxicity vatues used to evaluare
Appendix B provides references — organized the risks from these shorier exposures must
based on several impornant categories of remedial correspond 1o the duration of the release (or
technologies — that can be consulted to quantify exposure). Three exposure durations, 1n addition
the rclease of and therefore exposure to 1o longer-term exposures. may be of concern at
contaminants. The information in Appendix B CERCLA sites undergoing remediation: single
includes a brief discussion of considerations in exposure events (minutes, hours, or single day),
release modeling and monitonng, a list of key very shoft-term €xposures (up Lo Lwo weeks), and
technology-related parameters generally needed as short-term exposures (two weeks to seven years).
inputs for models (e.g., meteorological conditions. Note that the chronic toxicity values for
operation characteristics, soil/media noncarcinogenic effects used most frequently in the
characteristics), an annotated list of primary bascline nisk assessment may not be appropriate
references, and a list of additional references. without modification for exposures of less than
seven vears (otherwise they may be unnecessariv

Evaluate Short-term Toxicity. The releases conservative).

that may occur during implementation of a
remedial alternative. and hence the exposure-point
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EXHIBIT 2-2
ll;lJUSTRATiON OF CUMULATIVE EXPOSURE FROM MULTIPLE RELEASES
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Note: The graph illustrates how nearby populations at some sites could be exposed to both residual risks
and risks from remediation technologies. The cumulative exposure illustrated is the sum of residual
exposure and exposures associated with releases from Technologies 1 and 2. This exhibit is for illustration
purposes only and is not meant to imply that this level of quantitation is neccesary or even desired.




Appencdix C contans information concerning
the use of short-term  (oxcity  vatues.
RAGS/HHEM Part A provices adaiiional
informauon on assessment of contaminant toXiciy.
As discussed in Appendix C. the Superfund Health
Risk Technical Support Center (TSC) should be
consuited 1n all cases where snort-term toxicity
values are needed.

Characterize  Short-term Risks to the
Community. During risk characterizauon.
exposure and toxicity information is brought
together to provide a measure or indication of the
magnitude and timing of short-term health nisks (if
any) from the remedial alternatives. As discussed
previously, risk assessors mav choose tO
characterize the short-term risks to the community
{i.e.. perscus who live o1 w&.k in the vicinity of the
site) quanthatively for some sites and qualitatively
for others. When shorn-term risks are not
expected to be a problem for a site, a more
qualitative evaluation generally is appropnate. In
these cases, a qualitative evaluation of the
magnitude, duration, and/or likelihood of the
exposures and risks should be conducted, and
assessors could describe short-term risks in a
qualitative manner relative to the resulis of the
baseline risk assessment

A quantitative evaluation of short-term risks is
most likely to be useful when the types, levels,
and/or availability of hazardous substances are
expected to change significantly as a result of
remediation.  If quantitative exposure estimates
and toxcity data are available, then a more
quantitative risk characterization may be
conducted. The quantitative method that is used
to characterize these risks depends in part on the
toxicity values that have been identfied. Some of
these toxicity values (e.g., subchronic reference
doses) must be combined with the results of the
expasure assessment (i.e., intakes). The results of
risk characterizations using this rype of toxiciry
value will be of the same type as those generated
in the baseline risk assessment: hazard quotients
(or indices) or excess individual lifetime cancer
risks. If the toxicity values incorporate exposure
assumptions {e.g., as in one- and ten-day health
advisories), then these values are compared with
exposure concentrations to determine whether the
risks are above acceptable levels. Appendix C
provides additional information on short-term
toxicity values.

Cumulauve etffects from muluple reieases or
multipie chemicais shoulc also be considered. if
possible. If the nisk characterizanon s gualitaine,
then a discussion ol the potenuai for cumuiative
risks from muluple chemicals andior exposure
pathways (e.g., due 10 simuitanecus
impiementaton of several remedial technologies:
should be provided. If the results of the risk
characterizanion are more quantitative (e.g.. cancer
risks and hazard quotients), then the informanon
concerning duration and uming of releases can be
used to calculate the cumulatve risks or hazard
indices for those releases that will occur at tae
same time and affect the same populations. [ the
results of the quanttative risk characterization are
comparisons with short-term toxicity criteria. then
the 1013} exposure concentrations can be calculated
for releases that cocur at the same time and atiec:
the same popuisuons. These total exposure
concentrations then can be compared to the short-
term toxicity criteria. See Chapter 8 of
RAGS/HHEM Parnt A for additiona, guidance on
charactenizing short-term human heaith nsks.

Characterize . Short-term Risks to Workers.
Worker health and safety issues should also be
considered during the development of the FS. The
Worker Protection Standards for Hazardous Waste
at 40 CFR 311 and 29 CFR 1910.120 establish
requirements for worker protection at CERCLA
sites, including requirements for planning (ie..
health and safety plans, and emergency response
plans), training, and medical surveillance.
Although the standards encompass areas that are
not directly related to worker risk
(e.g.. illumination and sanitation), they also specifv
requirements in areas that are directly relevant
worker health risks. Specifically, once a remedv 15
selected, the Worker Protection Standards recuire
that implementation of that remedy procesd with
the following risk-related considerations:

+ site characierization and analyses prior o
commencing remedial activities, specifically
risk identification (see 29 CFR 1910.120(c) )

proper use of engineering controls. work
practices and personal protective equipment
(PPE) for empiovee protection (see 29 CFR
1910.120(g)); and

» preparation of emergency response pians tha:
specify how the site emplovees will Tc¢
protected while responding 10 Onsile
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emergencies that occur (see 2¢ CFR

1910.1200M0 ).

may

It 1s important 10 note. however. that faciors not
assoclated directly with hazards particular 1o 2
given site (e.g., risk of acadents dunng offsite
motor vehicle transport) are not usuaily considered
during the FS, but instead should be addressed
prior to remediation in the site health and safety
plan,

Tne exact nature of the assessment of worker
safetv issues for a remedial alternative will vary
with each site. For many rypes of sites and
remedial alternatives, the risks 1o workers will be
well-characterized and wiil not require much
additional site-specific analysis. These 1ssues will
be addressed in more detail in the site-specific
health and safery plan.  Thus. 2 gualitative
assessment of worker risk is appropriate for maost
sites during the FS and can be based on three
lvpes of rnisk.

* Porenual for exposure to hazardous substances
during onsite remedial activiues. The most
significant factor determining the potenual for
exposure to hazardous substances is the nature
of the onsite contamination. Because onsite
remediation workers are equipped with the
appropriate PPE and are required 1o use
appropriate engineering controls, their risk
generally should be minimal. Factors that
affect the poiential for exposure, however,
include the likelibood of PPE failure. In
general, more restricive PPE is more likely to
fait due to considerations such as worker
mobility and visibility constraints, and
potential for worker heat stress.

- Potential for injury due to phvsical hazards.
Onsite remediation workers may be exposed 1o
hazards other thar exposure 10 hazardous
substances. Hazards such as explosion. heat
stress, and precarious work environments may
also pose threats to workers. :

* Potential for exposure during emergency
response activities (assuming the need arises
for onsite emergency response). Part of the

design of a2 remedial allernative  snould
consider the potennai for worker cyposure
Cunng emergency responses that mav ne
required 1n the event of remedy faljure. For
some remedial alternanves, 1l 1S possible (hat
emergency assistance would be handled in cant
by onsite workers. with offsite assistance je.c,

county HAZMAT teams) as required.

Alternatively, 1t is possible that an emergency
response plan would require the evacuauon of
onsite remediauion workers and use of ofisite
emergency responders.

2.3 CASE STUDIES

The following two case studies provide
exampies of the evziuations of long-term anc
short-term nisks that are conducted during the
desailed analysis. Both case studies present an
evaluation of only one technologv for one of
several alternatives that are considered for the
hvpothetical site.  An actual detailed analysis
would include a similar evaluation for other
technologies -and alternatives as well. The two
sites considered in the case studies are identical in
all respects, except one: the XYZ Co. site
considered in Case Study #1 is distant from
residential or worker populations, while the ABC
Co. site considered in Case Study #2 is adjacent to
a residenual neighborhood. A more quantiative
anajysis was conductec in Case Study #2 because
of concern for potentiai short-lerm exposures (0
the neighboring community.

The sites presented in these case studies are

abandoned industrial facilities that are
contaminated with various volatile crganic
compounds (VOCGCs) and heavy metals. VOGs

contaminate both the soii and ground water at (ne
sites, while metals are found (n the soil only. A
number of leaking drums were stored above
ground at the sites and¢ were removed prior (¢ tre
RI. There are also two lagoons filled with
hazardous sludges. City ground-water wells are
located approxamately 1/4 mile from the sites.
VOCs have been detected in the wells at levels
ﬁigh enough o force the city 10 use an aliernale
water source.
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CASE STUDY #1:
QUALITATIVE EVALUATION DURING DETAILED AMNALYSIS

[Note: This case study presents an evaluanon of only one technology for oniy one of severai remedial
alternatives: an actual detailed analysis would address other technologies and alternatives as well. All data in
this case study are for illustration purposes onlv.}

Remedial Altermatives

Based on the resuits of the development and scresmng of alternatives, the site engineers have idenufied five
aiternauves (A through E) to be evaluated for use as remedies at the XYZ Co. site. One of ihe tecnnoiogies
inciuded in Alternatve C is ground-water pumping and air stapping for the VOGCs in ground water.

Evajuation of Loog-term Risks

Meeung PRGs for all contamunants 1o ground water s uncertam at this point due to the complex nature of
the contaminated acquifer. If afier remedy implementauon it s determned that Alternauve C does not meet PRGs
for all zontammnants in yround water, then the residual risk remaining afier implementation wall te examined 10
cetermune whether otliec measures need 1¢ Le taken 10 assure protecuveness. There are ne residu: nisks for media
other than ground water for the pump-and-treat/air sinpping component of Alternatve C.

Evaluation of Short-term Risks

The ume-frame for arr stripping of VOCs from ground water at the XYZ Co. site — and therefore the ume
frame considered for evaluanng shor-term risks — is at least 20 years. and possiby as many as 50. depending on
factors such as the specific aquifer charactenstics.

Releases and Receiving Media. The most likely reiease of concern from an air stripper is the release of air
contaminated with VOCs. The type of air stripper being considered for the XYZ Co. site generally achieves 99
percent or better removal of VOCs from water. The vapor phase VOCs contained in the air stnpper off-gases then
can be removed if necessary using awr pollution control dewices such as granular activated carpon columns or an
afterburner, which generally achieve 90 to 99 percent destruction or removal of contaminants from the vapor phase.
However, there wall still be some small release of contaminants that may need to be examined further cunng the
design stage of this remedy (if selected). Also, air potlution controt devices will produce residues that in turn may
need 1o be treated. Other releases associated with arr siripping include treated water contaming residual organic
comaminants that will be released to surface water, and, possibly, fugitive air emissions due 10 leaky valves anc
fittines.

Fate and Transport. Exposure Points, and Exposure Routes. The refease of VOGCs in1o the air duning awr
stripping at the XYZ Co. site could result 1n mnhalauon of volaules transported througn the air. Hewever, the
nearest target popuiation is over one mile from the sie. Long-term average concentrations may be a concern, as
welt as shorter-term or peak concentrations that may occur under certain conditions (€.¢., ICMPErature mversions).

Shori-term Risks. The time period of exposure to awr stnipper off-gases (20 1o 50 vears) s a significant porion
of a human lifetime. However, because the concentrations of VOCs in ground water are not unusually fgn, the
releases associated with the air stnpper are wellcharacterzed, and there is no nearby targe! popuiation. quanianon
of these risks is not needed to seiect a preferred aliernauve.




CASE STUDY #2:
OUANTITATIVE EVALUATION DURING DETAILED ANALYSIS

[Note: This case study presents an evaluation of only one technology for only one of severai remedial
alternatives: an actual detailed analysis would address other technologies and alternatives as well. All data in
this case study are for illustration purposes oniv.]

Remedial Alternatives

Based on the results of the development and screening of alternatives, the site engineers have wdentified five
alternauives (A through Ej 10 be evaluated for use as remeaies al the ABC Co. sue. One of the tecnnoiogies
mcluded it Alternative C 1s ground-water pumping and air stripping for the VOCGCs in ground water. [For this case
stuCy, only bernzene from the pump-and-trea: component of the remedial alternauve will be ananzed in detail. In
an actual analvsts, each contarmnant of concern and eacn component of the remedy may need 10 be analyzed in a
simular fashion.}

Evaluation of Long-term Risks

The RI has shown that the organic contaminants in the ground water are adsorbed to the acusfer matenal and
are also dissoived in the ground water. The remediaucn goal for benzene will be readily met in the treated water,
which will subsequently be discharged into the nearby suriace water. Remedianion of the water remaming ir the
aquifer, however, 1s much less certain. The residual concentration of benzene in this remaiung water wili gepenc
on severai factors, including the adsorpuive characteristics of benzene with the aquifer matenial, the specific pumping
regqimen, and the length of time that this technology is implemented. If, at a later stage (e.g., during the five-year
review), it Is determmined that the contaminants are not being extracted at the desired levels, the pumping regimen
may need 1o be modified (or some other approach may be nesded). Al 2 mmnimum, the pumping of ground water
is expected to be an effective barmer against further contaminant migration. Due to the uncertainty regarding tne
residual concentration of contaminants that may remain in ground water, the permanence of the pump-and-tireat
technology, io terms of future risks, is unknown at this tme.

Evaluation of Short-term Risks

Short-term impacts due (0 air emussions from air stnpping are expected to be the mast sigoiticant nsks from
the pump-and-treat component of the remedy at ABC Co. site. [This case study does not consider fugitive emssions
from sources "upstream” of the air stnpper (e.g., separators, holding tanks, treatment tanks), although these sources
may have been evatuated in an actual nsk assessment.] In order 1o assess these nisks during the detailed analvsis
stage, exposure concentrations from the ABC Co. site will be esumatec by combining emissions modehng with
dispersion modeling. Before proceeding with this analysis, the following steps were taken.

«  An appropnate atrnosphenc fate and transport modet, derved trom tne SCREEN mode; deveioped by EPA's
Otfice of Air Quality and Plaoning Standards was chosen. (A more complete lisung and comparson of
atmosphenc fate models is grven in Tabie 3-2 of the Superfund Exposure Assessmen: Manua! [EPA 1988e).)

«  Required inputs for the atmosphenc fate and transport model were obtained. These inputs included the
emussion rate of contamunants from the air stnipper into the atmosphere (based on contaminant concentrations
in ground water, system flow rate efficiency of the air stripping process, and efficiency of the air pollution
control device); atmosphenic dispersion factors for contaminants; and meteorological data (wind speed, prevaient
direcuon, stability, mxing height, and temperature). More detailed parameters, such as surface roughness
height and specific topographic features, were not required for the model that was chosen.

(Continued)
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CASE STUDY #2:
QUANTITATIVE EVALUATION DURING DETAILED ANALYSIS
{Continued)

«  The popuiation that will be arfectec by shori-lerms refeases was icentfied. This IRICrmanon was otimned from
the basenne nisk assessment, and was based On ine populanon disinbuticn and density ©f 1Re surrcunoing
commuuzity, anc meteoroicgical data sucna as tne prevaihing winc cirection.

»  The tauaty characienstics of the contanunants were opiained {rom the baseiine risk assessment.

Ioe

stages of the pump-and-treat tecanology. The ume frame 10r €acn of these siages varies and. therefore, the reiease
and exposure potental alsa will vary. The most protabie reiease oI concern from implementation of the air stricper
[the focus of this case study] has been idenufied as the release of air contaminated with volatile organic chemicals
(VOGs) from the stnpping towet (o the atmosphere. Benzene s cne of the volaule contamimants in the ground
waler being treated. and 15 expecied to be present as 2 resigeal in the sinpper off-gases. The following eguanon
(EPA. Ejussion Factors for Superfund Remedianon Technoiogies, Drafi, Office of Air Qualrv Planning anc
Standards, 1990) was used 10 calculate the penzene CmusSiOn rate o {1¢ arr stnpper cff-gases:

Exposure Assessment. Releases are expected (¢ occur duning both the construction and the implementauce

ER (gis) = CxQ,x(SEN00)xK

where ER

emission rate of benzene (4s)

C = concentrauon of benzene i water = 2.5 mg'L

Q, = influent water flow rate = 1700 L/min

SE = stnpping effioency of tower for benzene = 99.99%
K = coastant to convert units = 1.67 x 107 (g-minvmg-s)

An SE of 99.99 percent is used 1n these calculations 10 determine the reasonable maxmum emussion rate of benzene
into the air. Actual SEs wouid be between 90 and 99.99 percent, depending on scveral operaung parameters.
Sohvng this equauoa, ER = 0.071 grs.

Because ttus system wail use an air pollution control device (APCD) such as granufar activated carbon (GAC)
columans 1o remaove contaminants from gases released to the aimosphere, ER is the rate of release of benzzne from
the grouncd water o the sinpper off-gases rather than the rate cf release of benzene directly to the atmosghere.
The release rate cf benzene to the atmosphere, theretore, can be calcuiated using the following eguation:

q = ER x (1 - DRE/100)

where ¢ = mass rejease rate (o atmosphere (gs)
ER = emussion rate trom air stripper 10 APCD = 0.071 g
DRE = destrucuonremoval etticiency of APCD = 95%

A DRE of 95 perceat s used 10 obtain a reasonable maximum release rate to the atmasphere. Apohicaticns of
similar APCDs actueve 95 1o 98 percent cestruction and removai efficiency for benzene 1 awr. Sowing for the
atmosphenc rejease rate of benzene, ¢ = 0.0035 gss.

Using fate and transpart modeling {anatysis not shownj, the atmosphenc release rate of benzene 1s converted
10 an exposure point concentrauion al a3 residence 230 m cownwind of the site. The short-term air concentranon
{24-hour average) of benzene is estumated to be 6 x 107 mgm’. The average annual longer-tenm concentration ¢:
penzene n air at the site boundary, as determined by the same model, 15 estimated to be 3.4 x 10 mg'm’.

(Continued)
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CASE STUDY =2
QUANTITATIVE EVALUATION DURING DETAILED ANALYSIS
{Continued)

The only potent:al exposure pathway identiied for releases [TOm the air SITIPPEr is tNE air (innalation) patbway.
2cause U:c' icxxcxry critenon used 10 Characterize shori-term nsk s a threshold concentraton (see Toxay
Assessment below), a shoni-ierm intake does not need 1o be calculated. The longer-term 1mntake 1s rnescec (o
evajuale tne cancer nsk assoqated with innalauon ¢f benzene. This intake 1s caculatec by first obtaining the icng-
term site-specific exposure duratior of 30 vears {ron: the taseline nisk assessment. (AR exposure duranon of 20
vears 1s used because, while the tme [or impiementaucn ¢! the pump ang air sinipoing technology may be up ic 50
;'cars, an individual is not expected 10 siay 1t the comrunity for more than 30 vears. If the maamum tume for
implcmcmauon were less than the exposure duranon wdenaried in the baseine nsk assessment, then expasure would
be computed using the manmum mplementauon nme as tne exposure durauon.) Using other exposure vaiues
cotained from the baseiine risk assessment (¢.g.. inhalation rate of 20 m:‘/day). the longer-term (hfeume average)
intake of benzepe due 10 the air sinpper is approximately 7.3 x 10* mgkg-day.

These conceatrauons and intakes are basec on conservatve steady-state assumpnons regarding atmosphenc
concitons. Therefore, there 1s uncertainty surrounding the atmosphenc cata (whick are inputs 1o the moce!) that
could lead 1o fugher {but probabty lower) concentrations. For exampie, vanations 1in wind speed ana direzi:on wll
result mn differen: contamnant cencentranons for both maxamum sheri-term and long-term exposure point
cancenirauens, Some amount of published research caza is avaiable (mamy from water treatment plant studies)
or. the rehiability of the APCDs used 1n air stnpping. This intormanon, combined with data from previous program
experience, indicates that the uncertainty associated wath the effecuveness of the APCDs s low.

Toxiciy Assessment. To assess nisk from exposure 1o the short-1erm benzene concentranon ( 24-hour average),
a (oaaty cnienon corresponding 10 2 similar exposure duration is used. One such cnitenen, 1dentifiea tarough
consuftation with the TSC, is EPA's acute inhalauon cnitenia (AIC). The AIC provides a threshold level above which
acute mhalauon expasure to benzene could resull in oxicity Lo the MOost sensitive target organ (bone marrow and
the immune system). The AIC for benzene is 190 ug/m’. {In this case study, the AIC for benzene was assumed
1c be readily avaiable. In an actual nsk evaluation, this may not aiways be the case. When taxaity informaton is
not readily available — especially when. as 1o this case study, the lcnger-ternm exposure point concentralion 1s not
sigruficantty different from the shorter-term poin: concentration (and the longer-term has (oxicity informauon ) —then
eiher delaying the assessment Or expeading resources (0 oblain the shorter-term oxaty informauon s not
recommended.} :

To assess risk from exposure 10 the longer-lerm benzene concentranon (annual average) for the 30-vear
expasure durauon, the mhalation cancer siope factor for benzene ot 0.029 (my/ke-dav)” s identified from the
baseline risk assessment.

Risk_Charactenization. Shori-term nsk 1o the commumiy tfom benzene 15 deermined by companng the
shori-term coneentrauon of 6 x 107 mg/m’ (ie., 0.6 ug/m™), with the AIC of 190 ugym’, to result in a rauo of 0.003.
Because this rauc is less than i, short-term risk (0 (e COMMURIY SOtely [rOm benzene (s considered (o be unukeiv.

Using the longer-term intake of 73 x 107 mgkgiday, and the slope factor of 0.029 (mg/kg/day)?, the upper-
bounc excess indwdual lifeume cancer sk 10 the community from fong-term exposure to benzene in ine
atmosphenc releases from the air stnpper is approximately 2 x 10™, within EPA’s acceptaple risx rangs.

[Uncerainties associated with the site-specific exposure informauon and the taxaty informauon, discussed in
more detaii (n the baseline nsk assessment, also are important 1o consider at this stage of the anatysis.

4.



CHAPTER 3

RISK EVALUATION AFTER
THE FEASIBILITY STUDY

Afer the FS is completed. a remedy 1is
proposed, and, if selected, s documented in the
ROD. Following this, the remedy is designed and
implemented. and then deletion/five-year reviews of
the site take place. This chapter discusses the role
of risk information during these activities. Note,
however, that not all of these nsk evaluations nor
2 sionificant level of quantitauon mav be needed
for every site. The guiding pnincipie 1s that nsk
evaluations after the FS should be conducied as
necessary 10 ensure that the remedy Is protective.

RISK EVALUATION FOR
THE PROPOSED PLAN

3.1

The purpose of a risk evaluation Quring the
proposed plan stage is 1o refine previous analvses
conducted during the FS, as_needed. If new
information becomes available during the public
comment period for the proposed plan, additional
analysis of the alternatives may need to be
conducted at this time. If additional analysis is
conducted, it should be conducted for all the
alternatives, as appropriate, and not just for the
preferred alternative,

3.2 DOCUMENTATION OF

RISKS IN THE ROD

Several risk-related analvses should be
documented in the ROD. The comparative
analysis section should include a discussion of risk
as it pertains to the three nsk-related criteria:
long-term effectiveness, short-term effectiveness,
and overall protection of human health and the
environment. The discussion of overall protection
of human health and the environment shouid
include a discussion of how the remedv will
eliminate, reduce, or conuol the risks identified in
the baseline risk assessment and whether exposure
will be reduced to acceptable levels.  The
discussion of long-term effectiveness (and

permanence) should address. where appropriate,
the residual risk from untreated waste remaining at
the site. The part of the decision summary that
focuses on the selected remedy should present:

» the chemical-specific remediation leveis 10 be
atlained at the concjusion of the response
acuon,

» the corresponding chemical-specific nsk jevels:

+ the points (or areas) of compii.nce for the
media being addressed; and

» the lead agency’s basis for the remediation
levels (e.g., risk calculation. ARARS).

In addition, the ROD should indicate whether the
site will require five-vear reviews (see Section 3.4).
In some cases, additional risk information (e.gc.,
anticipated post-remedv cumulative risk for an
environmental medium or for a site) mav need (o
be inciuded in the ROD.

Interim Final Guidance on Prepanng Supertuns
Decision Documents (EPA 19890), Role of tre
Baseline Risk Assessment in Supertund Remeav
Selection  Decisions (EPA  1991d), and
RAGSHHEM Part B provide additional
information on documenting nsks 1n the ROD.

33 RISK EVALUATION DURING
REMEDIAL DESIGN/
REMEDIAL ACTION

_ The acuvities durning remedy design and
impiemeantation that may involve consideratuon of
risk include refining risk evaluations during
remedial design, monitoring shori-term  risks,
evaluating attainment of remedial levels in tne
ROD, and evaluating residual risk.




231 RISK EVALUATION DURING
REMEDIAL DESIGN

The process of evaluating long-term and short-
term risks, which began during the FS and may
have continued during development of the
proposed plan. also may continue during design of
the seiected remedy for some sites. The purpose
for risk evaluations during the remedial design is
to ensure that the selected remedv will be
protective. These evaluations can be conducted by:
(1) refining previcus analyses, as needed. and.or
(2) identifving the need for engineering controls or
other measures to mitigate risks. Methods for
evaluating long-term and shori-term risks are
discussed in more detail in Chapter 2.

MONITORING SHORT-TERM
HEALTH RISKS DURING
IMPLEMENTATION

332

[f the potential for short-term health effects
due (o releases during remedy implementation
needs to be assessed (e.g., due 10 high unceriainty
concerning predicted risks to commuanities or
remediation workers), a sampling and analysis
strategy 10 accurately determine exposure
concentrations shouid be developed. This strategy
may need to consider the following elements:

* location of sampling;
= sample collection and handling procedures;

« chemicals to be monitored and methods used;
and

+ siatistical considerations regarding the analysis
of results.

The monitored exposure concentrations should be
compared to short-term health-based benchmarks
(see Appendix C) to help in determining whether
the rejease presents a threat to human health.

ASSESSING ATTAINMENT OF
SELECTED REMEDIATION LEVELS
DURING IMPLEMENTATION

333

The RPM, risk assessor. and others should be
:nvolved in developing a sampling and analysis
pian 1o measure whether the selected remedy has
attained tne remediation levels in the ROD. Asin
the basefine risk assessment, this sampiing and
analysis should prowide daia that can be used 10

develop RME estimates.
and may need 0 consider !ne s2meé cemenis
presented 0 Secuon 2310 p.ous ine rerenvun:

remediation ievels {or the chemicais o!f concern.

LTS DIAR IS Sile-snediny

The plan for measuring auainmen: shcuid
ensure that sufficient  data 10 evaiuate
protectiveness of human health will be availatie.
For example, at 2 minimum. those chemicals that
contribute 10 major poruons of the site risk shouid
be selected for measuring attainment. The mwo-
volume set Stausncal Methods for Evaluanng ihe
Anainment of Cleanup Standards (EPA 19384y
outlines a2 number of statistical methods tha: can
be used 10 measure attainment. EPA is developing
additional guidance on this topic.

334  EVALUATION OF RESIDUAL RISK

This step — which mav be conducted ai
completion of the remedyv and perhaps during
five-year review (see next section) — may be
needed to ensure that the remedv is protective.
This step may be different from the assessment of
attainment of remediation levels selected in the
ROD because it may more ciosely consider the
expected land use and curmulative effects (e.g., due
10 multiple chemicals or exposure pathways).
Residual risk estimates can be conducted at any
ume after the remedy has commenced until the
end of the remedy. Tvpically, a final evaluation of
the cumulative site nsk may be done following
completion of the final operable unit to ensure
that residual risks from multiple contaminant.
pathways, and operable units that affect the sam-
individuals are at protective levels.

In general, the same equations, exposu
parameters, and oxicity values that were used (-
determine the baseline risk for a site can be use
10 assess the final clean-up (risk) level that
remedy has achieved. The concentrations that -
used 1o calculate these risks, however, are the fir
measured concentrations of the contamtnants tn
remain at the site, not the remediation leveis
the ROD. The following are other potert.
differences berween the baseline rnisk assessme
and evaluation of residual risks.

= Significant levels of "new” chemicals (e.c.. 1=
were not identified durning the baseline .
assessment but that may have resulled o
the remedy or were nct discovered untl 2:.
remedy implementation) should be consider:.
in evaiuaung residual risk.




+ Changes 1n lan¢ use since the ume of the
baseline risk assessment mayv require cnanges
In exposure paramelers (e.g., CORtact rates.
exposure frequency and duration).

¢ Toxicity values may have been updated since
the baseline risk assessment. The most recent
toxicity vaiues 1in [RIS and HEAST should be
used in caiculating resicual risk.

For some sites where engineering or
instituuional controls rather than treatment-based
remedies are emploved. the concentrations of
chemicals in a contamirated medium may remain
the same as the baseline concentrations. The risk
will have been reduced or eliminated, however, by
mitigation or elimination of the exposure pathway
(e.g.. by mitigating direct contact with soil by using
2 cap or nsututional conuols, or eliminatng
ingestion of contaminated drinking water by
providing an alternate water supply). These risk
reductions and associaled exposure assumpuions
should be clearly presented.

3.4 RISK EVALUATION DURING

FIVE-YEAR REVIEWS

Section 121(c) of CERCLA provides for
reviews of remedies that result in hazardous
substances remaining at the site no less often than
every five vears afier the initiation of the remedies.
The purpose of the reviews is 1o assure that human
health and the environment are being protected by
the remedial alternative that was implemented.

The remainder of this section briefly describes
the purpose of five-vear reviews, the sites for which
five-year reviews are conducted, and the risk-
related activities that may be conducted during
five-vear reviews. More detailed guidance
regarding five-vear reviews is available in Srrucrure
and Components of Five-year Reviews (EPA 1991e).
34.1 PURPOSE OF FIVE-YEAR REVIEWS
A five-year review is intended 10 ensure that a
remedy remains protective of human heaith and
the environment. The more specific goals of a
five-vear review are:

< to confirm that the remedy (including any
engineering or institutional controls) remains
operatiornal and functional; and

* o evaluate whether clean.up standards - raseo

on nsk or ARARs) are suli protectine.
The first yoal may be accompiished rrimariy
through a review of the operation and mainienanc
records for a site and through a site visit ar
limited analvsis. The second goal inciudes a
analysis  of requirements that have ‘een
promulyated by the federal or state governments
since ROD signature 1o determine whether ihey
are ARARs and whether thev call into queston
the protectiveness of a remedy.

<
~
-
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In addition to considering ARARs tor
substances designated as contaminants of concern
in the ROD, the reviews may include changes in
ARARs for substances not addressed unde:
conts.ninants of concern.  Where remediation
levels in the ROD wera bzsed on risk céiculations
(rather than ARARSs), then new information —
such as revised toxicity values oOr exposure
parameters — that could influence the
protectiveness of the remedy should be considered.
Based on this analysis, the reviewer can determine
whether the original remediation levels set out in
the ROD are stll protective.

SITES THAT RECEIVE FIVE-YEAR
REVIEWS

3.4.2

Two types of five-vear reviews are conducied:
siatutory and policy. Statutory reviews are
conducied for remedies selected after the
enactment of SARA where, after the remedv i<
complete, hazardous substances are present above
levels that allow for unlimited use and unrestricted
exposure. These sites generally include: (1} sites
with remedies requiring access or land-use
restrictions or controls (i.e., remedies that achieve
protectiveness through the use of engineering or
institutional controls); and (2) siies with remedies
that achieve protecuveness for the current use. tu:
include restrictions on activities due to hmits ¢n
exposure (l.e., sites cieaned up to {evels that wouid
be protective for a nonresidenual land use, but
would not be protective for residential or other
land use). Policy reviews are conducted for: (1}
sites with long-term remedial actions (LTRAS) or
other remedies that require five vears or ionger to
achieve levels that would allow for unfimited use
and unrestricted exposure and (2] remedies
selected before the enactment of SARA where
hazardous substances are present above jevels that
allow for uniimited use and unrestricted expesure.




Statutory reviews may pe discontinued only if
ievels of hazaraous subsiances {all permanentiy (0
3 pownt that would ajlow unitmited use and
unrestricted exposure. Policy reviews for LTRAs
should be discontinued when the remediation goals
specified in the ROD are achieved. assuming these
levels allow for unlimited use and unrestnicled
exposure. Achievement of these levels must be
verifled by an appropriate period of monitoring.
3.43  RISK-RELATED ACTIVITIES DURING
FIVE-YEAR REVIEWS

Three levels of effort have been defined for
five-vear reviews. The following are risk-related
activities conducted for the three levels.

* At Level ], the reviewer will consider the risk
assessment information contained in the ROD
and ROD summary.

* At Level II, the reviewer will conduct a
recalculation of the original baseline risk
assessment using information obtained during
the review (e.g., new toxicity data). If
appropriate, additional data may be collected.
Ongoing monitoring may provide such data.

« Al Leve! Iil the reviewer will reevaluale e
risk assessment. and, if appropriate, condu i s
new risk assessment. Such an assessment 1o
be appropriate in order (& acdress a new site
condihion. such as 2 new exposure patnway.
New data may pe collectec as necessary tor the
risk assessment. If possible. however, existiny
data shouid be used.

The appropriate level of review depends on
site-specific conditions and the confidence level for
the selected remedv. The proposed ievel of the
first review is to be included in the ROD. A Level
I review should be appropriate in all bur a few
cases where site-specific circumstances suggest
another level either at the outset of the review or
because findings of the review suggest the neec for
further analysis. A Level ]I review would not be
proposed in the ROD. but would be itiated 1n
response 10 specific concerns regarding the
performance of the remedy or the risks at the site.
The level of effort. parucularly for subsequent
reviews, also depends on the initial findings of the
review. Structure and Components of Five-vear
Reviews (EPA 1991e) provides additional
information concerning the appropriate level for
reviews and the activities that are conducted at
each level.
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APPENDIX A

SELECTED REMEDIATION TECHNOLOGIES
AND ASSOCIATED POTENTIAL RELEASES

This appendix contains two exhibits designed
10 assist during the FS in idenufving some of the
potenual releases that are associated with
commoniy used remediation technologies. Exhibit
A-1 briefly describes each of the process options of
each technologv in Exhibit A-2. Exhibit A-2
summarizes several potenual releases to air or
water of common remedial technologies. Process
variations for which potenual releases are sisitiiar
are combined under the technology category.
Potential releases to surface water or ground water

are included in the “water” column. “Other”
releases inciude treatment residuals that need
further treatment or proper disposal. In most

cases, this column refers to sludge or solid residues
that may also be hazardous.

Risk Reduction Engineering Laboratory
(RREL: Cincinnati, Ohio) plans and conducts
engineering, research, and development related 10

treatment of solid and hazardous wastes. RREL
personnel provide site-specific technicai senices
involving  specific treatment technoloyies und
CERCLA response processes inclucing:

* analysis of treatment afternatives,

+ treatability studies,

» remedial design review,

= construction QA QC methods, ond

¢ contaminant source control ané geotechnical
test methods.

Regional EPA CERCLA siaff should direct
questions regarding evaluations of remediation
technologies, previous experience with remediation
technologies, and releases associated with
remediation technologies to the Engineering and
Treatment Technical Support Center, RREL at
FTS 684-7406 or 513-569-7406.
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EXHIBIT A-]

REMEDIATION TECHNOLOGY DESCRIPTIONS

Technologies Deseription of Process

SOIL AND SLUDGE

Soil Handling

Soil Excavanion, Fonsport, These processes ase mechimzed cquipment 1o move contimmated soil. For some
Dumping, and Grading tecatment techmques, soil must be removed from i cantimunated site and be tramsponed
tor treatment, Sail s thew eetned and replaced e enher the onginal excivation or
another disposid site. Girding s i techmgue which camreduoce infiltratton imio
contanunined sods and can also control runott.

‘Flhiermal Destruction These arc destruction processes which control temperature and onvygen avilabilny, and
converl hazardons materials to carbon dioxide, water, and other products ol combustion

Circolating Bed Incineration Wastes ind auxitiary fuel are introdaced into the combustion chimber. Air s forced up
through the chamber from the bottom ta promote mixing and complete combuastion
farticulate and gascous products of combustion et Trom 1he 1op of the combusiion
chamber for treatment and disposil.

.
Rotary Kitln Incincration The combusnon chamber is o rotating, inchined cyhnder which mixes combusting auieols
as it rotates. Wasies are Ted into the chamber at the ligh end, along with e and auxihisry
ek Exhaust gases are treated and released, and ash residue is collected on the fow end ot
the Kibn,

fluidized Bed lncinerition A bed ol inert particles {e.g., sand) hies al the botom of the eylindricid combustion
chamber. Air s torced up through the bed and the particles are Nuidized (Le., the parnles
o™ m the airstream). Wastes and fuel are injecied al the top of the chamber, mio ihe
fhndized mass, where the mixture combusts. The turbulent atmosphere in the chamber
provides good mixing of wastes 10 ensure complete combustion and efficient heat transler

Infrired Incincrition actiails are fed into the furnace on a conveyor belt, and pass through oo a wire
mesh el Heating elements provide inlrared energy, oxidhzing the nuterials. Wasie pases
arce passed through o secondary combustion chamber; ash exits on the conveyor,

Pytolysis Organies are stowly volatitized at lower temperatures than incineration processes. Waste 1
led into the primary combustion chamber and thermally treated without sulficient oaysen (o
completely combust. Volatilized organics pass to a sccondary chamber and are incmerared
Sahd residues rom 1he primary chamber receive other treatmient,
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EXHIBIT A-1 (Continued)

REMEDIATION TECHNOLOGY DESCRIPTIONS

= e
Technoloples Descreiption of Process

Wet Air Osidition ‘The high temperature and high pressure propestics ot water are utzed m destroying
wastes. Contammited solutions are treaed at lngh iomperatores (> 600° C) and pressaies
(3400 psi to 3700 psr). Contanunams are oadized (o siiple orgime componids as farge
antounts of oxypen nre dissotved in solution,

Aqueous Thermal Decomposition | Agueouns thermal decompaosition works onthe same prociples as wet an oxidanon, withiouwt
the addinon o) eacess oxypen.

Dechiloriantion

Glycolate Dechlorination

Using a specific solvent, chiorine atom(s) are removed from chlorinated hazirdous
matenats, and 1oxic compounds are converted 1o less tosie, more water-sofuble conmpeonds
Reaction products are niore casily removed from soil and more casily treated.

Bielogical Treatment

Camposting

Contamininied material is mixed with bulking agenis (g, sawdust, woad chipiny and placed
in reacior vessels or piles. Acration, temperature, and nutnient fevels iare controled 1o
encourage microbial growth. Microorganisms then metabolize contaminants, breaking them
down into less-harmiu) materials,

In-situ Biodegradation

Microorganisms are encouraged 10 decompase continmnams in soil without excaviting the
soil and placing 11 in n controfled reactor. Nutrients, oxygen, and other neeessary materiis
can be wjected inta the contaminated area

Sturry-phase Biodeyradianon

The wastes are mixed with witer (o achieve an sgqueous miktare, The nusture is then
treated moo bioreactor, where it s nuxed CONEMUOUSTY 10 CONGICH ICTOOL ZHIISIMS ()
contomminis. fhe bwrecactor serves as a comrolled cnvieonment for contanumin

degradition

Sohd-phase Bodegridinon

Sonls e excavated and treated above ground so that treatment comditims can he closely
moutored and adgosted 1o conditions that are wdeal tor trodegradation. Marenals e
treatedt me o prepared area winch can gtclude voliatbe cnmpssaions collecnon and fead haite

collectum

(Continuacd)
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EXTHBIT A-1 (Continued)

EDIATION TECHNOLOGY DESCRIPTIONS

Technalogies

Description of Process

Vacunm/Vapor Extraction, Thermal |

Yesarption

Low Temperature Thermil
Stripping

Air, pressure, heat, indor mechaaicad agitation provades i dosvang foree for volatilizing i
removing contiminants fromy soil inta i aestream tor lurther ticitment. Separating
contaiminants from soit simplifies the fnal treamment ol contaminants

In-situ Vacaumy/Steam Fixtraction

VOUSs are remuoved fromy sonl by applymg o viccoony to wells thin are placed an the
contamminted soil. VOC vapors are collcered and treated above ground. Some systems alsa
inject hot air or steimm mio contaminated zones, rassmg temperatares and volatifizing organe
chemicals.

Chemben] Extrnction & Soil Washing

In-situ Chemical ‘Ticanment

Treament chemicats are apphed dircetly to contanuited soil. A variety ol compounds can
be applicd, mncluding neatralizing agents, oadants, sobidiication/stabilizinon ages, ind
nutrients for biolagical weatment.

Chencal Extraction & Soi
Washing

Contaminants are washed from the excavined soil into i chemical solvent. The figquid s
treated 10 remove and destroy contanunants, ind the solvent is reused.

In-sity Soil Flushing

Inorganic or organic contaminants are exiracied lrom soif by washing the soil with solvents
Solvents are recovered, contaminants are extracted, and the solvents are recirculitted
through the soils.

Tmmobilieation

Capping

Contaminated soil is covered with low-permcability layers of syntheue textiles or cliay | he
cap is designed 10 it inlitration ol precipitation and thus prevent nugridion of

contimmimts awiy from the site and intoy gronnd water,

Sohdibication/Stabihzation

hn-situ Vincahon

Wintes e converted to chenpeally stable forms or e boond i stbte watee e
reactions ave ubthzed 1o trimsform hazardous matcnials mito new, non-Nizardaus mater s

The goal is o prevent migration of contanminants

Flectrades are plced vertieally into the contiminated sor region, amd an elecneal carrent s
apphed. The soit s melied by thie cesulting ugh wemperinores. When the meh conls and
sohidihes, the resudtmg material 15 stahle and sliss ke, warh conammimis bonnd m the s

ahd




EXHIBIT A-1 (Continued)

REMEDIATION TECHNOLOGY DESCRIPTIONS

Technologles

Description of Process

GROUND AND SURFACE WATER

Natural Attenuntion

Contaminants o an aquifer disperse mnd didute theough natacal ground-water traaspae,
Some natural degradation may occur.

Aeration/Alr Stripping

Contaminants, usually volatile organic compaounds, are transferred from hgud phise 1o
gascous phase.  Hy contacting contanunated wiater with clean air, dissolved VOCs are
transterred 10 the airstreant to creale cquilibrivm between the phases. The process takes
place in a cylindrical tower packed with inert miatertal which allows sulhcieni imsAviner
conact 1o remove voliatites from water. Contanmunams ate then removed trom the
Airstream.

Filtrution

Filteation removes suspended solids from higuids by passig the mixture through a porous
nedhiam.

Sedimentntion

Solds that are more dense than ligud setile by goavity and can be renioved from the bgqund
Chenucitls 1o nd sctthing may be added. Settfed sobds result an i studge which may be
treated further.

Granulur Activated Carbon (GAC)

Adsorption

GAC s packed in vertical columins, and contimunied waner Nows through it by gravily.
GAC bas o high surface area 10 volume ratio, ind many compounds reidily bond 1o the
carbon surfoces,  Contaminmus from witer arc thus adsorbed 1o the carbon, and eftluem
witter has @ lower contaminant concentration. Waner miy be passed through several of
these columns 1o complete contaminant remova)l Spent carbon (e, carbon that has
renched ts maximum adsorption capacity) 15 regenerated by incineration,

Ton Exchange

As comaminated wiiter flows through (he reactor vessel, ions of continunants are adsorbed
1o synthetic resin in the vessel. The resin attracts and adsorbs contamimant 1ons, while
releasing non-harmlul ions into the treated water.

Chemicat Teentiment

Chenucals can be added to contaminated waters 10 chemically change or o remove
constituents.  Precipitation can be accomplished through pH control; sofutions can e
neutralized; contaminants can be oxidized; and solids can be settfed oul of sofution

Bionlogienl Trentment

Microorganisms iy controlled-environment reactors are ulihzed 10 0Ccompose Contnmmsmnts
in water. Nutuents, pHl, temperature, and oxygen avadibality are controlled “The orgmisms
degrade contaminants imo simpler, sifer conpotiads

{Contmucd)
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EXHIBIT A-1 (Continuned)

RENMEDIATION TECHNOLOGY DESCRIPTIONS

Technolopies

Deseription of Process

Membrane Separution

Reverse Osmuosis

A sen-permeible menmbriane is used o separaie desolved contamunints lrom higuads. Thgh
pressure is apphed 1o the contaminated solution, which drives only the ligquid through the
membrance. The resalt is o highly concentrated contimimated solntion on the high pressure

Iectrodhialysis

This process concentrates wnnie species thal arc m agueons solution. The solutton s passed
through alternate cation-peroteablc dnd amon-permenbdle membranes that have an apphed
cleerric potential. “Phis potentiid provides i duving toree Tor ion nigetion




EXHIBIT A-2

REMEDIATION TECHNOLOGIES AND SOME POTENTIALLY SIGNIFICANT RELEASES

Technologles

Alr

Water’

Other®

SO, AND SLUDGE TECINOLOGIES

Soll Hondling

Sail Yaxcavarion, ‘Franspon,
Dumping, Screening and
Grading

Fugitive emissions ol
particulates and volatiles

Runatl or teachig o)
contaminams 1o surliace or
ground water

Seepage or tunolt 1o neaghy
sl

Thermal Destruction

Intincration; Rotary Kin,
Fhoidized Bed, Circnlivting
fed, and Infrured

FFrugitive and stiick emissions
of metal fumes; particulatces,
including metals and salts;
and products of incomplete
cotnbustion, including organic
compounds, acid gases, CO),
NQO,, and SO,

Discharge of scrubber liquor
and blowdown

Disposat of ash and ather
solid resydues

Pyrotysis

Fugitive and stack emissions
of metal fumes; particulaies,
including metals and salts,
und products of incompiete
combustion, including organic
caompounds, acid gases, C(),
NO,, and SO,

Discharge of scrubber fiquor
and blowdown

Disposil of ash and other
sohid residues

Wet Air Oxidation

Fugitive emissions of volatile
organic compounds

Discharge of mcetals and
unoxidiced arginucs

Disposal of studge residucs

Aqucous Thermal
Decomposition

Fuginve enussions of volatile
argame compoumds

Discharge of mets and
unoxidized orgimnes

(Continucd)

¢ Irisposal of shadaee resdises




EXHIBIT A-2 (Continued)

REMEDIATION TECHNOLOGIES AND SOME POTENTIALLY SIGNIFICANT RELIEASES

Technologles

Alr

Witer®

Other*

Dedhilorination

Glycolate Dechlormation

e lugitive cmissions ol volahile
organic compatnids

e ischarge ol spent solvents

and degraded contaninanis
1o surfuce winer, or lcaching
1o ground waer

Binlogicn]l Trentment

Composiing

o Fugitive emissioms of
particulutes and volitde
Orginics

T eaching of metals and/or
orgianics

li-sita Biodegradation

*  lugitive emissions ol volatiic
orgnnics

Leaching ot mctids ind/or
organics
Discharge ol treated waier

Sturry-phise or Solid-phase
Modegradanon

—

¢ Jrugitive coussions of vaolatile
orgunics

Discharge of non-degraded
byproducts i shorry hguor
and treated clltucnt

Runofl 10 surface winer or 1o
ground water (with sofid-
phase process)

Dhsposal ot residuad tioniss
which nay continm
hazirdous mictals and
refractory organics

Vacuna/Vapar Extraction, Thermul Desorption

Low Temperimture Thermal
Stripping

o Stack cnussions of volanle
Orgaies

s Jugiive enussions ot volale
orginees

Discharge of scrubber
blowdown

Discharge of contanimin
condensiate

Lo-sttu Vacoum/Sicam
F'xtraction

o Fuginve emissions of volatile

organics
kel

Discharge of contommmu ar
watcr condensate

(Connnucd)

Pisposal or regeperation ot
spent activated carbon




EXINBIT A-2 (Continued)

REMEDIATION TECHNOLOGIHES AND SOME POTENTIALLY SIGNIFICANT RELIASES

e —
Techinotogles Alr Water® Other*
Chemicnl Extraction & Soil Washing
In-situ Chenncal Treatment o Fugitive enussions ol volanle o Runofl of vncontained e Jossible solvent residuals m

Orgamc compounds

treatment chenucals

teeated soul

Chemical or Solvent .
Fxttacton

Fugitive enmissions of volalile ¢ Post-cxtraction discharge ol

OrgHme compounds

wastewater with extroacted

o Posside solvent residuids in
Hreied sonl

organic compounds

contuminanis
Sonb Washing o Jupgiive cmissions ol volande o Past-wishing discharge of o Discharge of foam with
organic compomnds wistewider with extract:t) metals and orginics
contaminants o Depasttion of scdunentanon
studge residuals
¢ Deposition ol untreated,
contanunated fines
In-situ Boil Fushing s Fugitive emissions of volatite e [Leaching of contaminicd

flush water, acids, bases,
chefating agents, or

parncaliares i volantes

surfactants
Tmmaohilizntion
Capping o Jugitive emissions of s [ eaching of contanunants 1o o I ameral movement ol volatle
apping ¥ b
particulates and volatiles ground waier Orgamc compounds alier
during cap construction cappng
Soldihcanon/Stabyhizatinn ¢ uminve cminsions ol o None hikely o Parentiad leachmg 1o sonls

(Contmucd)

and ground witer ol
continmmanms ram dopeonsited

el over tine J

———————— -
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REMEDIATION TECHNOLOGIES AND SOME

EXINBIT A-2 (Continued)

POTENTIALLY SIGNIFICANT RELIEASES

Technologles

Air

Water®

Other®

In-situ Vitrification

e Surface fugitive emissions of
volatile orgaitics and volanle
metals during the process

Discharge of scrubber
sofution

Possible contamination ol
ground water under the
frcatment arca

e Potential tateral nugration ol
vaponzed or leached
continminants into the sonl
thin surrounds the vitrihed
munolith

CROUNDWATER AND SURFACE WATER TECIHNOLOGIES

Nou-Trentment Actions

Natucal Atenuation

o Lmissions of volanle organic

compounds

Aquiler discharge to surluce
water

Continued aguiter transport
of  contaminants

Pump without Treiument

e Jimissions of volatile organic
compounds

Discharge of sinrreared water
to surlace water or Pablicly
Owned Treatment Works
(rorTw)

Seepage of unticared wiler

e Iisposal of sludge residuily
from POIW

Alr Stripping

* Stack and fugitive emissions
of volatle organics

Discharge 10 surtace water of
cffluent treated water with
residual metals, particukates,
or nonvolatile organics

e Disposal of backwash or
cleaning residucs

/

Flltration/Settling

¢ Fugitive emissions of valatile
organic compounds from
sctilimg basin

Discharge of effiuent witer
containing dissolved solids or
unremoved particles

¢ Idsposal of Blter cake or
studpe contimming argnes,
metals, or ether inoegitnes

Granudnr Actlvated Carbon
Adsorption

o None likely

Discharge of cluent with
non-adsorbable, tow
molecnlar werght componnds

s Disposat andjor regencraiion
of spent cathon

(Continued)
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EXHIBIT A-2 (Continued)

REMEDIATION TECHNOLOGIES AND SOME POTENTIALLY SIGNIFICANT RELEASES

Technoligles

Alr

Witter®

Other*

Flectrochialysis

ton Exchunpe o None hkcely o Discharge ol backwiash water o Disposad and/or regencranon
Ol spent resims
Chemicenl Trentment o Luginve cmissions of volatile o Dischirge of clluent with o Disponatl of treatment
orginie compounds from trentment residues sludyes
trearment tanks
Biological Trentment ¢ bPmissions of volatile organics ¢ Ihscharge of cfilucnt with e Duspasatl of trcaument
in aerobic treatment or due unremoved solids sludges
1 aeration
Membrune Separation
Reverse Osmaosis ¢ Nonc likely s Inscharge of eftlucnt o Discharge ol concentrne
contaimng unfiltered organics steeim with contiiminants
(depends on filter membrane removad rrom treated warer
" vsed)
s None likely s Ihscharge of ireated ciloem .

Dischirge of concentrafe
stream with contaninants
removed from treated witer

Notey

S general, seepage and deading are more ikcly o atiedt ground swater bat could also contanimiane serbice waler

kely comtiminite sutlice water, but coufd also contanunite ground wates

P Other releases molode treatment residuals that need athee tecatmett ar proper dispospd

be hizardous.

1unoll s chischarpe are peleases it will naod

by most cavesthis columin reters tostodge or sohd residues nay oo
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APPENDIX B

QUANTIFYING POTENTIAL RELEASES FROM
SELECTED REMEDIATION TECHNOLOGIES

Remediation acivities at hazardous waste siies
have the potential 10 cause emissions and impacts
in addition to those being addressed. Potenual
emission sources during remediation inciude point
sources of treatment residuals such as incinerator
stacks; fugiuve emissions from treatment
equipment leakage; and areal sources of volaule
orgamcs and fuginve dusts from the disturbed
surfaceof a contaminated {and area. Uncontrolled
releases can resull in exposures to CODlamInants in
souls. sur{ace water, ground water, and ambient air
surrounding the treatment equipment.  1he
fcilowing sections provide descriptions of several
commorn remedialion acuwvities 10 serve as
examples of the considerations involved in
quantifving technology-specific releases.  This
appendix also contains a list of references that can
be useful in quantifying potential air releases for a
varietv of remediation technologies.

B.1  SOILS HANDLING

TECHNOLOGIES

Soils handling 15 a major component of nearly
all ex-situ lechnologies for treating contaminated
souls. Soil handling activities include: excavation;
Iransportation (e.g., 10 storage Or treatment areas);
dumping (e.g., onto trucks or piles), storage: and
grading the treated or replaced soil. Any or all of
these  actvities may result in fugitive dust
emissions, the main type of release from soils
handling. These emissions can carry Organic
and/or inorganic contaminants, which may be
bound to soil particles, for great distances away
from the site. Soil handling activities also can
increase volatile organic emissions by exposing
contaminated soil 10 the atmosphere, and through
agitation of the soil.

Some of the important parameters that may
affect the fugitive dust emissions potential at a
contaminated site are listed in the box below.
These parameters depend on site and remedial
activity charactenistics.  Details can be obtained
from onsite observation or from vendors and/or

operators. Some or all of these parameters mas
already have been considered in the RITFS
Fugitive dust emission {actors (mass per
operalon) of rates (mass per unit time, derved
from emission factors) for wvolatile organic.
particulate and/or metal contaminants during each
soil handling remedial activity can be estimatec
using equations and procedures outlined in the
documents listed in Section B.4. These emission
facters or rates can be used as inputs to fate and
transport modeis. which are used tc generate
€Xposure point  concentrations. Addiuonal
information On  exposure  assessment can  be
obtained from Chapter 2 of this guidance zand
Chapter 6 of RAGS/HHEM Part A

KEY PARAMETERS AFFECTING !
RELEASES FROM SOILS HANDLING |

+ Area of working surface ]
° Agitation factor
» Drop height (when transferring soil’ |
» Storage pile geometry
* Soil moisture content |
* Soil silt content

* Meteorological conditions j
» Chemical characteristics

B.2 THERMAL DESTRUCTION

TECHNOLOGIES

Thermal destruction uses high temperature
and controlled conditions to oxidize and/or degrade
a-substance into simple combustion products such
as CO,, H,0 vapor, SO,, NO,. HCI cases, and ash.
Thermal destruction methods can be used :C
destroy organic contamipants in hquid, gaseous.
and solid waste streams. Incinerators are by {ar
the best known and most studied thermz.
destruction devices. In manv cases, therma!
destruction techmques that do not have sufficien:




e Rd

eMission Qa3 <an o€ assumed (0 adve emission
charactenisucs simifar to incinerators.

Emission sources from incinerators include
process emissions and fugiive  emissions.
Incinerator process emissions include stack gas.
bottom ash. and air pollution control device
residuals. Fugitive emissions include uncontrolled
or undetected equipment leakage. Process
emission  estmauon methods for organic
compounds, metals. particulates, and acid gases
(HCl, SO,. and HF) can be obtained from EPA
(1985a) {see Section B.4.1). Fugitive emission
sources and equations {Or eslimating emissions are
detailed in EPA (1989) (see Section E.4.1) and
Hofton and Travis (1984) (see Section B.4.3).
Fugitive emissions from soils handling prior to
incineration can be estimated using the guidance
given in Secuion B.l on soils handling.

Emissions from thermal destruction
technologies generally can be estimated using any
one of the approaches listed below. (These
methods do not directly account for removal of
contaminants by air pollution control devices that
may be used tc treat emissions from thermal
destruction dewvices.)

*  Default approach: Thermal destruction devices
at most contaminated sites may be required to
meet the requirements under federal
regulations such as RCRA or the Toxic
Substances Control Act (TSCA), since these
requirements are generally considered ARARS.
RCRA requires at least 99.99% destruction
and removal of regulated organic constituents
irom wastes. TSCA requires 99.9999%
destruction and removal for wastes containing
PCBs and dioxins. Thus, organic emissions
from thermal destruction of hazardous waste
can be estimated by assuming that the above
requirements of RCRA and TSCA will be
exactly met, for pollutants covered by those
regulations. Similar requirements can be used
to estimate HCl emissions, but this approach
may not provide estimates for particulate or
air emissions.

*  Trial run approach: Federal regulations such
as RCRA and TSCA require trial burns to
demonstrate removal efficiencies. Whenever
trial burn cata for the wastie in question exist
they can be used 1o estimate the emissions
that might occur during actwal remedy
implementation. Data obiained from trial

* Theoretical or empirical approach:
Theoretical or applicable empirical equations
— often cailed models — can be used 10
estimate emissions. These modeis correlate
incineratoroperaung parameters and poilutan:
£miIsSion Tales,

Some of the imporiant parameters that may
affect the emissions associated with thermal
destruction technologies are listed in the box
below. Manv of these parameters are dewvice
dependent and can be obtained from onsite
observation ot from vendors and/Or operators.

]
|

KEY PARAMETERS AFFECTING !
RELEASES FROM THERMAL i
DESTRUCTION |

«  Waste feed rate

+  Burn temperature

+ Residence time

+  Excess air rate

¢ Facility size/type

e Atomization

« Control device efficiency
+  Chemical characteristics ;

A

B3 SOLIDIFICATION/

STABILIZATION
TREATMENT
TECHNOLOGIES

Solidificationystabilization technologies are
used to immobilize the toxic and hazardous
constituents in the waste by changing those
constituents into immobile forms, binding them in
an immobile. insoluble matrix, and/or binding them
in"a matrix that minimizes the matenal surface
exposed 1o solvents.  Except for emerging
technojogies that involve in-situ treaiment. the
impiementation of stabilizanon or solidificatior.
generally involves several of the soils randlin
activities discussec in Section B.i. The box befow
lists some of the key parameters a{fecting releases
associated with solidification’ stabilization. These
parameters depend on the specific

———t =



sohidhficationsstabilizalion process. These can be
obtainec {rom onsite observation or from vendors
and/or Cperators.

KEY PARAMETERS AFFECTING
RELEASES FROM
SOLIDIFICATION/STABILIZATION
TREATMENT TECHNOLOGIES

* DBinder rype

*  Batch size

+  Wastebinding agent ratio
*  Mixdng ume:efficiency

« Curing time

+ Meteorological conditions
»  Chemical characteristics

T R A Y

B.4 REFERENCES FOR

DETERMINING RELEASES
RESULTING FROM
REMEDIAL ACTIVITIES

Provided below are references containing
discussions of remedial activities and
methodologies for determining releases associated
with these activities. The references presented
under the heading of various remedial activities
contain information regarding the majority of
remedial activities that may occur a1 a site
(including soils handling, thermal destruction, and
siabilization/solidification). The remaining
references contain information specific to the
acuvity listed in the heading. See the references
provided for the main text of RAGS/HHEM Part
C, especially the RI/FS Guidance (EPA 1988c), for
additional references.

B.4.l VARIOUS REMEDIAL ACTIVITIES

~ Primary References
Environmental Protection Agency (EPA). 1985a.

Handbook: Remedial Acrion ar Waste Disposal
Sites (Revised). Hazardous Waste Engineering

Research Laboratory. EPA/625/6-85/006
(NTIS PB87-201034/XAB).
Provides information on remedial

technologies, selection of appropriate
remediation technologies for a given waste
site, and planning remediaj activities. Includes

discussions of onsite and olfsite ¢ivoosa
wastes and sotl. removal and containmen
contaminated sediments. n
reatments.

t N
bow
v
v

zng In-sil

EPA. 1989, Esnmaron of Awrr Enussions om:
Cleanup  Acnvines ar Supertunc  Sies.
Alir/Superfund National Technical Guicance
Study Series. Volume 3. Office of Aur Quaiiny
Planning and Standards. EPA/$30°1-39003
(NTIS PB&S-180061/XAB).

This document provides a step-byv-sier
protocol for esumaung air quality 1mpacts
resulting from site remediation.  Presents
emissions estimation techniques for thermal
destruction devices, air stripping of ground
water, in-situ venting, soils handhing, and
sohidificationvstabilizauon.

Additional References

EPA.  1990. Emission Facrors for Superiund
Remediation Technologies. Drafi. Office of
Adr Quality Planning and Standards.

EPA. 1988, Superfund Removal Procedures
Revision Number Three. Office of Emergency
and Remedial Response. OSWER Directive
9360.03B.

EPA. 1986, Superfund Remedial Design anc
Remedial Acnon Guidance. Office ot
Emergency and Remedial Response. OSWER
Directive 9355.0-4A.

B.4.2  SOILS HANDLING

Primary References

EPA. 1985b. AP-42: Compdarnon of Aw Poilution
Emission Factors, Fourth Ediunon. Office of
Air and Radiation. NTIS PB&6-124%0¢.

This document contains emissions daia
obtained from source tests, material balance
- studies, cngineenng estimates, and other
© sources. Emission factors and eguations are
derived from sand and gravel processing
(Section 8.19.1). crushed stone operations
(Section 8.19.2), surface coal mining (Secuern
8.2.4), and fugitive dust sources (Section 1} I
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Rapid Assessment of Exposure o
Enmussions  from: Suricce
EPA/GDO/A-83. 002,

aracuiate
Corntanunanon Sires.

This document provides a methodology for
rapid assessment Of inhalation exposures (o
respirable particulate emissions from surface
contaminated sites. The methodology consists
of 3 site survey procedure and particulate
erission factor equations for wind and
mechanical entrainment processes.

EPA  199Q. Deveiopment of Example Procedures
for Evaluanng the Air Impacts of Soil
Excavanon Associared with Superfund Remedial
Actions. Office of Air Quality Planning and

Standards. EPA/450/4-90/014 (NTIS PB9O-
2853662.XAB).
This document identifies and defines

computational requirements for estimaung air
impacts from remediation of CERCLA sites.
The estimation of air impacts from two
example sites employing soil excavation are

discussed. Modified Research Triangie
Institvte (RTI) land treatment equations are
used for calculaung emissions from
excavations.

Additional References

Baxter. R.A and D.M. Wilbur. 1983, Fugirive

Particulate Marier and Hydrocarbon Eniission
Facrors from Mining, Handiing and Storing

Diatorute. AeroVironment, Inc. Pasadena.
California.
EPA. 1977, Technical Guidance for Conmo! of

Industrial  Process  Fuguive  Particulate
Enussions. Office of Air Quality and Planning
Standards. EPA/450/3-77/010 (NTIS PB.Z72
28872).

EPA.  1985d. Modeling Remedial Acrions ar
Unconrrolled Hazardous Wasre Sites. Office of
Emergency and Remedial Response. Office of
Solid - Wastc and Emecrgency Responsc.
EPA/540/2-85/001 (OSWER Directive

9355.0-8).
Orlemann, J.A. and G.A. Jutze. 19853. Fugime
Particulate Dust Conrrol Technoiogy. Noves

Publicanions. Park Ridge. New Jersev.

B.4.3 THERMAL DESTRUCTION

Primary References

Holton. G.A. and C.C. Travis. 1984, Methodalog
for Predicing Fugiuve Emissions o
Incinerator Facilities. Environmentai Progres:
3.2 Oak Ridge Nationai Lab.. Health &
Safety Research Division. Oak Ridge, TN,

Error analysis and Monte Carlo modeling
techniques are used 1o predict fugiuve
emissions caused by leaky pump fitungs,
sampling connections, flanges, storage tanks.
and other non-stack eguipment Tan
equanons and three parameter value tables are
provided for emission calculations.

Travis, C.C., E.L. Etnier, G.A Holion. FR.
O'Donnel, and DM. Hetrick 1932
Inhalanon Pathwav Risk  Assessment o7
Hazardous Waste Incinerarion Facilines. Cax

Ridge National Lab. Oak Ridge, Tennessee.
ORNL/TM-9096.

This report-evaiuates the relauve imporiance
of plant design and wasie physicochemical
variables on human inhalation exposure and
health risk using two hypothetical incineration
facility designs of three sizes each. burnming
three different generic wastes. Fugitive
emissions are calculated using equations
relating incinerator facility operation and
configuration to fugitive emissions.

Trenbolm. A and D. Oberacker. 1985. "Summary
of Testing Program at Hazardous Wasit
Incinerators.” Proceeaings — Annual Soic
Waste Research Svmposwm. Environmental
Protection Agencyv. Cincinnati. Ohio. Regort
No. CONF-8504112.

This article summarizes the results of tesws

conducted at eight full-scale hazardous
incineration facilities.

Additional References

Cheremisinoff, P.N. 1986,  "Special Report

Hazaraous Materials and Siudge Incineration”
Journai of e Air Pollution
18:12(32-38).

Enmneering




ZPA. LS4 Pemommarnce Zvaluanion of Full-scaie B.4.4  STABILIZATION'SOLIDIFICATION

Hezaraous  Waste  Incinerators. (Five

volumes.) Industnial Environmentail Researen Primary References

Laboratorv. Cincinnat. Or. EPA-600.7-84-

131 a-e (NTIS PB8S-129200). Cullinane. M.J., L.W. Jones. and P.G. Malcne.
1986, Handbook for Siaouzsnon Soidificaron

Lee, C.C., G.L. Huffman. and D.A Oberacker. of Hazaraous Waste. Hazargous Wasie
1986. “Hazardous/Toxic Waste Incinerauon.” Engineering Researcn Laboratory. ZPA Sa0 7.
Journal of the 4w Pollunon Control Associanon 5/001.

36:8.
Hill, RD. 1986, Swabiizquon Soldiicanon of

Oppett. ET. 1987, “Incineration of Hazardous Hazardous  Waste. Hazardous  Waste
Waste. A Critical Review.” Journa! of the Av Engineering Research [ab. EPAG0D-
Pollunon Conmol Associanon. 37:5. 86/028.

Stalev. L.J.. G.A Holton, F.R. O'Donnel. and C.A. This document discusses techniques Such as
Little. 1983, "An Assessment of Emissions sorpuon, lhime-fly ash Pozzolan process,
from a Hazardous Waste Incineration Facility, Pozzolan-Portland  process.  thermoplasuc
incineration and Treatment of Hazardous microencapsulation. ara other techniques.
Waste." Proceedings of ne Eignth Annual
Researcn Svmposwum. EPA-600/9-83/003. Additional References

Wallace, D.D.. AR. Trenholm. and D.D. Lane. Cullinane, M.J. and L W. Jones. 1985 Handboox
1985. "Assessment of Metal Emissions from for Swabliizanon/Solidificanor of Hazardous
Hazardous Waste Incinerators.” Proceedings — Waste. Prepared for: Enwvironmental
781k APCA Annual Meenng. Paper 85-77. Aur Protection Agency, Hazardous. Waste
Pollution Control Association.  Pittsburgh, Engineenng Research Laboratory. Office of
Pennsylvania. Research and Deveiopment. EPA/330/72-86-

001.




APPENDIX C
SHORT-TERM TOXICITY VALUES

The short-term effectiveness critenion for
evaluating remedial alternatives includes an
evaluation of the risks due to the short-term
exposure of populations (o contaminants during
remedy implementation. Such shori-term risks
generally inciude both baseiine risks from existing
site contamination and new risks that would occur

during the implementation of a remedy. In some -

cases, potential exposures and risks due to short-
term exposures should be quantitatively assessed:
however, there is no simple or widely accepied
method for estimaung such nisks. Therefore in all
cases where short-term toxicitv vajues are needed,
TSC should be consulted EPA's Environmental
Criteria and Assessment Office (ECAOQO; where
TSC is located) will maintain the data files for the
most appropriate short-term toxicity values for
evaluating risks from remedial alternatives. To
obtain the most up-to-date information, regional
EPA CERCLA staff must contact:

Superfund Health Risk Technical
Support Center
Environmental Criteria and Assessment Office
U.S. Enviropmental Protection Agency
Mail Stop 114
26 West Manin Luther King Drive
Cincinnat, OH 45268
Phone: 513-569-7300 (FTS-684-7300)
FAX: 513-569-7159 (FTS-684-7159)

Regquests from others must be submitted to the
TSC in_writung and must contain the following
information for consideration:

« CERCLA site name, site location, and 12-digit
site number,

* name and phone number of the RPM; and

+ detailed description of the risk assessment
refated question.

The remainder of this appendix provides some
general background on exposure duration issues
- and an overview of some of the existing methods

for denving short-term human health toxwcny
values.

C.1 BACKGROUND ON

EXPOSURE DURATION

In assessing short-term rnisks of remedial
alternatives, the Ume frame (e.g., hours, davs,
weeks up 10 seven vyears) is generally of a much
shorter duration than that identified in the
baseline risk assessment. Nevertheless, there are
a number of types of toxcity values that have besn
developed to charactenze risk due to these short-
term exposures. Some of these types depend on
concentration- or dose-based threshold limits that
are used as guidance leveis for protection of
specific populations from specific exposures (e.g.,
guidance levels intended to protect hzalthy workers
from daily occupational exposure to chemicals in
the workplace). In this section, the types of
exposure durations commonly suggested or implied
by the toxicity value types (discussed later) are
presented.

Releases that may occur during remedy
implementation could last for varving durations
but are expecied, in most if not all cases, 1o give
rise to less-than-lifetime exposures. Furthermore,
releases that occur during remediation may resuit
in exposure levels much higher than those
preceding remediation. Different risk levels mav
be associated with these different exposure
durations (assuming the same dose rate) and with
various exposure concentrations. Therefore, it is
important that the dose- or concentration-based
toxicity values that are chosen 1o characterize the
short-term risks be based on appropriate exposure
durations. Exposure durations associated with
existing methods for characterizing short-term risks
include hours, days, weeks, months, and vears
(generally up to seven years).

Currently, RAGS/HHEM Part A defines thres
exposure durations, apar from long-term exposure,
that may be of concern at CERCL.A sites: single
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EXposure evenl. \env Short-lerm exoosure. and
ShOri-1erm (SuDChIORIC; exousure.
*  Single Exposure Event. The majoruy of

chemicals are capable of producing an adverse
health effect after a single exposure event,
depending on the intensity of exposure. For
developmental  toxicants, irmtants,  and
neurological poisons, a single. low level
exposure event can result in effects afier
minutes, hours, or a day.

+ Very Short-term Exposure. For some acute
toxicants, multiple exposures over several davs
could result in an adverse effect. For these
chemicals, the exposure is assessed over days
or weeks {up (0 tWO weeks).

*  Short-term (Subchronic) Exposure. Exposure
lasting anywhere from two weeks 10 seven
vears 10 [ow concentrations of a chemical can
also produce adverse effects; this exposure 1s
assessed by averaging it over the specific
duration.

During evaluations of remedial alternatives. it
mav be important 10 assess exposure (and risk or
hzcard) for all relevant exposure durations. Both
the shortest time period of exposure, from peak or
accidental releases, to the cumulative exposure
over the entire time pericd of the remedy
implementauon. may need to be considered.
Quanttative assessment is contingent, however,
upon the availability of adequate exposure
characterization. Exposure models used to predict
concentrations have not for the most part been
validated over the short durations considered for
single exposure events (e.g., minutes to hours). At
best. meteorological data are coliecied on an
hourly basis at a site removed from the location of
interest; using these data 10 derive a mode! 10
predict exposure concentrations -for durations
shorter than those for the meteorological data may
produce results that could not be supporied
scientifically. [n addition, the need to evaiuate
peak exposures as well as longer-term average
exposures during remedy implementation depends
on a number of considerations, including the
degree of risk or hazard associated with the longer-
term exposure and the difference berween the
predicted peak and average exposure
concentrations.

A review of the types of (duration-specific)
toxicity vaiues that are available (discussed later in

s appencixy dRdicales thet 2 numeer oi e oo
COTTESPONC 10 ~arious CUridions tha: dare ~zivvan!
1o releases Cunng  remedv mDlemeniaion
Because a toxiaty value generaliv 18 specilic (o o
certain durauon, nowever. risk mav neec 1o oe
characterized separately for the three shori-term
exposure durations.

C.2  EXISTING SHORT-TERM

TOXICITY VALUES

In this section, commonliy encountered shori-
term toxicity values are summarized. These values
are: (1) concentration and dose threshold values
primarily for noncarcinogenic effects; and (I}
specific short-term carcinogenic nsk values. A
section 1s provided on each of these toxicity vaive
categories.

TOXICITY VALUES FOR ASSESSING
RISK OF NONCARCINOGENIC
EFFECTS FOR SHORT-TERM
EXPOSURE

C.21

Toxicity values designed to characterize the
risk of noncarcinogenic effects-are summarized in
the following subsections. Further information on
the suitability of these values for various CERCLA
exposure scenarios can be obtained from the TSC.

C.2.1.1 Developmental Toxicant Reference Dose
(RfD4y) and Reference Concentration
(RICy,)

RfD s and RfC,s are developed for chemicals
that have been shown 1o cause adverse effects in a
developing organism. EPA’'S Human Healtt
Assessment Group of the Office of Health and
Environmental Assessment s in the process of
developing RfDy, and RfC, values and the
methodology for their derivation. As proposecd by
EPA (EPA 1989b), these values.will likely be
derived from the no-observed-adverse-effect-leve;
(NOAEL) or lowest-observed-adverse-effect-leve!
{LOAEL) in a manner consistent with the
gerivauon of reference doses (RfDs) and reference
concentrations (RfCs). and without adjustment for
short exposure duration. RfDgs are expressed in
terms of dose and RfC s are expressed as an air
concentration. Additional information on these
criteria  is available in  EPA’s Proposec
Amendments to the Guidelines for the Healn
Assessment of Suspected Developmental Toxicants
(EPA 198%9b), or by contacting the Reproductive
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and Developmentai Toxicology Eranch of the
Office of Heaith and Environmental Assessment at
202-260-7331 (F1S-260-7331).

Currently (i.e., at the date of publicauon of
this guidance ), developmental toxicity is considered
in  the denivation of EPA criteria for
noncarcinogenic effects {including RfDs and RfCs
for subchronic and chronic exposure and drinking
water Health Advisories {HAs]). That is. these
critena are set at levels considered protective for
developmental effects as well as for other
nencarcinogenic effects.

C.2.1.2 Subchronic Reference Dose (RfI),) and
Reference Concentration (RfC)

RfD,s and RfC,s are develcped by ECAO and
are used ta characterize potential noncarcinogenic
effects associated with short-term exposures (two
weeks 10 seven vears as defined in RAGS/HHEM
“ Part A). To date, approximately 305 RfD,s and 60
RfCs have been published. These RfDs and RfCs
are developed based on NOAELs or LOAELs
identified from subchronic (i.e., usually >90 davs
but less-than<hronic) toxicity studies. RfDs are
expressed in terms of dose and RfC,s are expressed
as air concentrations. Subchronic RfDs and RfCs
are available in HEAST. The derivation of RfDs
is described in more detil in RAGS/HHEM
Part A

C.2.1.3 One-day, Ten-day, and Longer-term
Drinking Water Health Advisories (HAs)

Drinking water HAs developed by EPA
provide guidance to assist state and local officials
responsibie for public health protection during
emergency sitvations involving drinking water
contamination. HAs are dertved in a manner
reasonably consistent with oral RfD methodology.
Accordingly, these HA values constitute suitable
criteria for evaluating short-ierm oral exposure.
The HA concentrations include a2 margin of safety
o protect sensitive members of the population
(e.g., children, the elderly, pregnant women).
"One-day HA" is the term used to describe the
concentration of a chemical in drinking water that
s not expected 10 cause any adverse
noncarcinogenic effects for one day of exposure,
with a margin of safetry. The "Ten-day HA"
describes the concentration of a chemical in
drinking water that is not expected to cause any
adverse noncarcinogenic health effecis for rwo 10
ten consecutive days of expasure, with a margin of

safety. The "Longer-term HA" 1S Lhe coneentratun
of a chemical in dninking water that i oo
expected (0 cause anv adverse NONCATCinogenic
effects up 1o approximately seven vears !
exposure. ("Lifetime MAs® that are protecuve tor
exbosure over a lifetime are also developecd based
on chronic RfDs.)

In general. the HAs described here zre
protective of only noncarcinogenic effects. These
values are expressed as concentrations in drinking
waler but can be converied to mgkg/day doses by
using the assumpuions that were applied in their
calculation: consumption of 1 Li/day by a 10 kg
child (one-, ten-, and longer-term HAs) and Z
L/day by a 70-kg adult (lifetime HA).
Approximately 140 HAs have been developed by
EPA for each exposure duration. (HAs are briefly
described in RAGS/HREM Part A)

C.2.1.4 Acute Inhalation Criteria (AIC)

A report describing the derivation of AICs for
benzene and bervllium is available through the
TSC. AICs are derived as criteria for single, short-
duration {up to an hour or.a few.hours) inhalaton
exposures, as may occur from releases during
remediation. The AICs are based on noncancer
endpoints and are expressed as air concentrations.
AICs have been derived for a limited number of
chemicals using EPA RfC methodology, modified
as required for this acute exposure scenano. The
modification consists of using the NOAEL (or
LOAEL) as reported in the study without
adjustment for exposure duration (hours/24 hours).
Because these criteria are conceptually consistent
with inhalation RfCs, they are a good basis for
assessing short-term risks from single. very short
exposures. The TSC should be contacted for
additional AIC values.

C.2.1.5 Minimal Risk Levels (MRLs)

MRLs are derived by the Agency for Toxc
Substances and Disease Regisury (ATSDR) from
human or animal studies for threshold effects on
chémicals found at CERCLA hazardous wasie
sites. MRLs are developed for both inhalation and
oral exposures; oral MRLs are expressed as doses
and inhalation MRLs are expressed as
concentrations in air. Estimates of exposure
posing minimal risk to humans are made for the
most sensitive noncarcinogenic endpoint (including
developmental and reproductive endpoints) for
three different exposure durations (i.e. acute,
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mmiermediate, and <hronich. These exposure
curauons for which MRLs are deriveC are as
foilows: acute MRL — 1 to 14 davs; intermediate
MRL — 13 to 364 davs; chronic MRL — >343
davs. MRLs are developed using an approach that
is consistent with EPA RfD methodology (ie..
wdentification of a NOAEL or LOAEL and
appiication of uncertainty factors 10 reflect human
variability and. where appropriate, the uncertainty
of extrapolating from laboratory animal data to
humans).

Acute inhalation MRLs differ from AIC in
recard to adjustment for exposure duration. The
guidance for derivation of acute inhalation MRLs
specifies that "exposure periods of less than 24
hours in the toxcity study from which the MRL is
derived. can be adjusted 10 one day" (ATSDR
1691); this adjustment is commoniy carned out.
No such adjustment is carried out in the derivation
of AIGs. which are intended o serve as guidance
for acute, very short. and single exposures (e.g.,
ranging from less than an hour to a few hours,

perhaps as inadvertent releases during
remediation).
MRLs can be found in the ATSDR

Toxicological Profile documents in the Health
Effects Summary secuon, on the Levels of
Significant Exposure figure (graph). The botiom
of the dotted line on the graph represents the
MRL. Except in the earliest ATSDR Toxicological
Profiles, MRL values and the endpoints on which
they are based are also identified in the tex
accompanying the figure. To date, approximately
62 acute MRLs (38 oral. 24 inhalation) have been
derived by ATSDR. As with other short-term
toxicity values, guidance regarding use of the MRL
must be sought from the TSC.

C.2.1.6 Emergency Exposure Guidance Level
(EEGL), Short-term Public Emergency
Guidance Levet (SPEGL), and
Continuous Exposure Guidance Level
(CEGL) '

EEGLs and CEGLs are exposure guidance
levels developed by the National Research Council
(NRC 1986) specifically for military personnel
operating under emergency conditions. Therefore,
setting of these levels involves consideration of
various factors (such as age distribution, Jength of
exposure, and susceptibility) that are different from
those related to the general population. These

guidance levels are published in the NRC (1984-

1988y Enrerzeney ane Connruous  Ecoposure
Guicance [Levels  ‘or  Selecica  Airoorne
Conranitnarrs. 70 date, <3 chemiczls have ¢

evaluated bv NRC.

Yarohel
ST

The EEGL is defined as the air concentrauion

of a substance that is acceptable for the
periormance of specific tasks during rare
emergencies usually lasting from | to 24 hours

(1.e., it 1s a ceiling guidance level Inr a single
emergency exposure) (NRC 1986). EEGLs are
intended 10 prevent irreversible harm or sericus
impairment of judgment or performance.
Exposure at ar EEGL mignt produce reversible
effects, and therefore should not be considered
hvgienic or safe. Acute toxicity 15 the pnmary
basis for establishing an EEGL. However, even
brief exposure 10 some substances might have the
potential to increase the risk Of cancer or other
delayed effects. Denvation of an EEGL may
involve appiication of an uncertainty factor of ten
to extrapolate from animal datz 10 humans, but no
other species adjustments are applied. Some
EEGLs are based on extrapolation of oral data.
EEGLs are based on the most sensitive Or mosi
important noncarcinogenic health effects known.
Because EEGLs are denived for healthy military
personnel during rare emergencies, and are not
intended to protect against reversible effects. they
should not be applied directly to the genera:
population (NRC 1986).

The SPEGL is defined as a suiable
concentration for unpredicied, single, short-term
emergency exposure of 110 24 hours of the genera!
public. SPEGLs take into account the wide range
of susceptibility of the general public. The SPEG.
is generally estimated by applving an uncertainty
factor of two to ten to the EEGL, (0 account for
sensitive groups — such as children, the eiderly,
and persons with serious debilitating diseases.
NRC (1986) suggests that a safety factor of two
(i.e.. EEGL x 0.5) is appropriale 10 proteci more
sensitive groups, such as children or the eiderly,
and that a safery factor of ten (i.e.. EEGL x C.1} is
appropnate for fetuses or newborns. Because the
SPEGL is derived from the EEGL. the
considerations discussed above with regard 10 the
EEGL also apply to SPEGLs.

The CEGL is defined as a ce:ming
concentration of a chemical in air to which mahiian
personnel can be exposed for up 10
without immediate or dejayed adverse effects or

——

degradation of performance (NRC 1586). CEGls
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are not derived for carcinogens. When data from
chronic studies are available. they can be used 10
derive CEGLs. A CEGL is generaily esumated.
however, by applying an uncertainty factor of 10 to
100 10 the EEGL (ie., EEGL x 0.01 w0 0.1),
depending on the evidence for detoxification or
accumulation of the substance in the body. Where
there is evidence of substantial detoxification. a
safety factor of ten is recommended by NRC
(1986). If there is no evidence of detoxification or
detoxification is slow, a safety factor of 100 might
be more appropriate. If the substance accumulates
in tissues, such as halogenated biphenyls and
metals, even higher factors are recommended by
NRC (1986). Other considerations discussed with
regard 10 the EEGL also apply 10 CEGLs derived
from EEGLs.

C.2.1.7 Threshold Limit Values -- Short-terin
Exposure Limits (TLV-STELs),
Threshold Limit Values — Time-
weighted Averages (TLV-TWA), and
Threshold Limit Values — Ceiling
(TLV-C)

TLVs- are ‘concentrations developed by the
American Conference of Governmental Industrial
Hygienists (ACGIH) to protect workers from
adverse effects of occupauional exposure 10
airborne chemicals. However, because
occupational exposure limits are not intended to
protect sensitive workers or other populations, are
not intended for the assessment of community air
pollution or continuous exposure, rmay not
incorporate the most recent toxicological data, may
be based on unpublished documentation that is not
available for review, and may differ from EPA
derivations with respect to weight-of-evidence
considerations and use of uncertainty factors, EPA
does not endorse the general use of occupational
exposure limits in deriving EPA criteria.  In
addition, it shouid be noted that the TLVs for a
fair number of chemicals are derived by analogy to
other chemicals because health effects data are
inadequate or lacking.

The TLV-STELSs are 15-minute time-weighted
average (TWA) exposures that should not be
exceeded at any time during the eight-hour work
day/40-hour work week and should not occur more
than four times a day, with at least 60 minutes
between successive exposures in the STEL range
(ACGIH 1990). The TLV-STEL is established to0
prevent workers from suffering irritation. chronic
or irreversible tissue damage, Or narcosis of

sufficient degree 10 increase the likelthood of
acadental injury. Use of the TLV-STEL shouid be
limited to very short, singie exposure events,
STELs are recommended for substances with acute
effects recognized from high short-term exposures
in either humans or animals (ACGIH 1630y
Approximately 115 TLV-STELs have heen
published by ACGIH.

The TLV-TWA is the time-weighted average
concentration for a normal eight-hour workday,40-
hour workweek 10 which nearly all workers mav be
exposed, day after day, without adverse effects.
The TLV-C is a concentration that should not be
exceeded during any part of the working exposure.
The ACGIH uses the TLV-C for substances that
are parucularly fast acung and hence are best
controlled by a ceiling limit.  In excess of 500
TLV-TWAs anag fewer than 30 TLV-Cs have been
published by ACGIH.

C.2.1.8 Permissibie Exposure Levels (PELs) and
Recommended Exposure Limits (RELs)

PELs are enforceable occupational exposure
standards developed by the Occupaticnal Safety
and Health Administration (OSHA). They are
meant 10 protect workers against catastrophic
effects (such as cancer; cardiovascular, liver, and
kidney damage; and lung diseases) as well as more
subtle effects resulting in central nervous svstem
damage, narcosis, respiratory effects. and sensorv
irmitation. The PELs are generally adopted from
(existing) secondary guidance levels (e.g.. ACGIH"s
TLV-TWAs and TLV-STELs and the
recommended exposure limits [RELs] developed by
the National Institute for Occupationai Safetv and
Health [NIOSH]), and nearly 400 are availabie
from OSHA. EPA's reservations concerning the
use of TLVs as the basis for criteria to protect the
general population (see Section C.2.1.7) apply also
to PELs and RELs.

C2.1.9 Other Miscellaneous Methods

The following are some other methods that
risk assessors or RPMs may encounter.

* Immediately Dangerous to Life and Heaith
(IDLH) Guidelines. [DLH guidelines are
developed by NIOSH. These air concentranien
limits are for 30-minute exposures under what
are essentially emergency conditions. and
generally far exceed corresponding TLV-TWA
TLV-STELs or PELs. IDLH guidelines were




determined ORiv [Or the purpose Of respiralor
seiection. T hese puidelines are intendec 1 be
1he maximum ai7 Concentration from which. in
the event of respirator failure, a3 worker couid
escape within 30 minutes without experiencing
any les:ape-impaxring or irreversible health
effects (NIOSH 1985). Many of the [DLE
exposure levels are so high that they cenine
ieveis  at which  severe toxic  effects
{unconsciousness, incapacitauon, intolerable
irrization or death) would be likely (Alexee! er
al. 1989). Therefore. the IDLH vuidejines are
not suiiable as benchmark guidelines for acute
exposure and mav be higher than would be

usetul even as a guideline for immediate
evacuanon.
- CERCLA Section 102(a) Reportable

Quantities (RQs). RQs are developed by EPA
based or. among other factors, acute toudity,
chronic  noncarcinogenic  1oxicity,  and
caranogenicity.  RQs define the quanuty in
pounds above which a release 15 considered
potenuially hazardous (or, at least, warrants
reporting) under CERCLA section 102(a).
The documentation for RQs may contain
health effects information that would be userul
in determining critena for short-term exposure
but are not by themselves useful in
characterizing risks from reieases that might
occur at a CERCLA site.

SPECIFIC CARCINOGENIC RISE
VALUES FUOR SiiOK1-TERM
EXPOSURES

There is relatively little guidance available on
characterizing risks from short-term exposure to
carcinogens.  For cancer endpoints, most of the
currently available values are specific to lifeume
exposure. Many experimental investigations of
carancyznicity involve high-dose, long-duration
exposure to compensate for the small number of
amimals that are used. Carcinogenicity aata on
short-term or single exposures are  vintually
nonexistent for most chemicals.  For most
chemicals, the current sctentific view is that any
exposure, nc matter how short in duration, can
result 1n a carcinogenic risk. Charactenzing this
risk is complicated. however. because of factors
such as age a1 first exposure and mechanism of the
carcinogen's  aclion. Consistent  with
RAGS/HHEM Part A and the Guidelines for
Carcinogen Risk Assessment (EPA 1986a), the
preferred  approach would be (o consider

e T S

oMeT 3

Jumuidive Cose, avgragec
method 18 discussec in Secuon C.210

Several invesugators have reporiec adciticry.
methods to characterize the etfects from shert-term
expusure o carcnogens. Some of these me2tnods
are currently being investigated by EPA bu: are
not recommended for shori-term  carcinogen:
assessments  at  imis  ume. However. bne:!
summaries of these methods are provided below
with documentation for the interested reader 1¢
pursue.

C.2.2.1 RAGS/HHEM Part A Method

RAGS/HHEM Part A currently recommencs
that lifetime average exposures always be used (o
esumate carcinogenic nsks. That is, because the
cancer toxicity values (e, SFs) are based cn
liletime average exposures, Part A recommenas
that less-than-lifeume exposures be converied to
equivatent lifetime values for the assessment of
risk. (This Is also the recommended approach in
EPA’s  Guidelines for Carcinogenic  Risk
Assessment [EPA 1986].) In this manner, risks
from short-1term exposures would be averaged over
a 70-vear lifeume. with modificauons for specific
chemicals if appropniate, and, therefore, may
appear lo be relativelv minor in comparison 10
risks from longer-term exposures. While adiusting
less-than-lifetime exposure 10 an egupivalent
lifetime exposure may be valid for relatively long
exposure durations, this adjustment for shori-term

exposures may underestimate the nsk  for
"early-stage” carcinogens (1.e.. DNA-damaging
agents).

C.2.2.2 Office of Research and Development

(ORD) Interim Method for
Vinyl Chloride

EPA's ORD (EPA 1989a) used a siudy ov
Drew er al. (1983) to determine that the lifetime
carcinogenic nsk from viny! chlonde inhaiation
increases when exposure occurs earty in life. Drew
et al. showed that the effects from exposure 1
vinyl chloride depend on both age at initini
exposure and duration of exposure. His daa
showed that children face higher risks than aduits
tor exposures of a given duration. Cogiiano stated
that if nisk for parual lifeume exposures :s
estimated by ignonng tne age at initial expesure
and consilering only the duration, the rix will be
underestimated for children and overesuimatec for
adulss over 30. He proposed that nsk {or parnai




lifetime exposure to winvl chlonide be: (1)
estimated as being proporuonal to the remaining
irfeume of the exposed individual. and (2) adjusted
depending on the length of exposure. The author
also stated that. at this ume, this analvtical
technigue is applicable onlv to vinvl chloride and
should not be applied 10 anv other substances.
The TSC should be contacted for further guidance
on assessiny risks from vinvl chloride.

C.2.23 EEGLs for Carcinogens

The NRC (1986) has developed a method for
deriving EEGLs (1 to 24-hour exposure guidelines)
for inhaled carcinogens when the computed cancer
risk associated with the toxicitv-based EEGL (see
Section C.2.1.6) is more than one in 10.000. In
these cases, the EEGL is lowered so that the risk
is not more than one in 10,000 (1x167). The NRC
method draws on the anaiysis of Crump and Howe
(1984) and appears to employ a higher ievel of
acceptable lifetime risk (ie. 1x10™) than the
RAGS/HHEM Part A method. This method is
discussed in further detail in Critenia and Methods
for Preparing Emergency Guidance Leve! (EEGL),
Shorr-term Public Emergency Guidance Leve!
(SPEGL), and Continuous Exposure Guidance Leve!
(CEGL) Documentss (NRC 1986). The 24-hour
EEGL for a carcinogen is estimated as [ollows:
EEGL = dx25600 x R

2.8 level of risk at ¢

where:

d = lifeume expcsure  level . .y:
concentration), 2as computed bv g
reguiatory agency or by the NRC
Committee  on Toxicology n
accordance with procedures used bv
regulatorvagencies (multistage mode!
associated with "accepiable” level of
cancer risk. e.g.. 1x10 level of risk.

¥
g
1}

number of davs in a lifetime (25500
days = 70 vears), application of this
duration factor assumes that
carcinogenic effects are a linear
function of the total (cumulatve)
dose,

a factor to accour.i for uncertainties
regarding which stage of
carcinogenesis is affected by the
substance and for the likely youth of
mititary personnel; the NRC (1986)
states that °the maximal additional
risk  that  these considerations
contribute is a factor of 2.8," based on
the "data of Crump and Howe
(1984),” and

target acceplable risk level fe.g,
1x10™) for one day of exposure.

The reservations with this method concern the
choice of a higher target nsk level (1x107) in
combination with other assumptions of this
method. and the onigin of the above uncertainty
factor of 2.8. The origin of this uncertaintv factor
is not explained adeguately by NRC (1986), nor 1s
it apparent in the cited paper (Howe and Crump
1986).

'
Ln
n
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APPENDIX D
RADIATION REMEDIATION TECHNOLOGIES

This appendix presents two exhibits designed
to assist the RPM wath the process of using nsk
information to evajuate and select remediation
technologies for sites contaminated  with
radioactive substances. The first exhibit, Exhibit
D-1. summarizes the potential routes by which
radioactivity may be released 1o the air, ground
water, surface water, or other media when remedial
technologies are implemented. Similar to Exhibit
A-2 in Appendix A. Exhibit D-1 groups process
variaons  with  similar  potential release
mechanisms under the technology categones.
Exhibit D-1 includes ground and surface water
releases under the "water” column, and includes
other unique release mechanisms under the "other”
column. The reader is referred 1o EPA’s repor,
Assessment of Technologies for the Remediation of
Radioacnively Contaminated Superfund  Sites
(EPA/540/2-90/001), for descriptions of each
technology listed in Exhibits D-1 and D-2

The second exhibit, Exhibit D-2, presents a
qualntative estimate of the potential shorn-term
risks posed by each technology during its
implementation phase. and its potential lJong-term
risks anticipated after cleanup. Potenual short-
term risks and potental long-term nisks are
classified as being low, moderate. or high, or some
combination of these levels. This classification
scheme is based on the potential for relcases of
radioacuvity arising from the use of these
technologies 10 lead to potential short- and long-
term risks. Under this scheme, "low” means a low
potential for releases of radioactivity assuming a
reasonable worst-case scenario and therefore, a low
potenual for human health or environmental risk.
"Moderate” means a moderate potential for release
and risk, and "high® refers to a high potential for
release and nisk.

Although the determinations of low, moderate,
and high potenual risks presented 1n Exhibn D-2
are based on the professional judgment of
experienced risk assessors, thev are provided only
:0 the RPMs for making preliminary technelogy
screening decisions. The actua] risks associated
with a remedial alternative at a specific site mus:
be evaluaied on a case-bv-case basis. That s,
technologies rated as high potenual risk should not
necessarily be eliminated from consideration. nor
shonld techrologies rated as low potenuai rnisk te
considered safe, without evaluation of sie-speciiic
factors.

The Agency recognizes that other
determinations of degree of potenual risks are
possible and may be accepitable. (In fact. if
remediation technologies are properly designed
and excuted, few, if any, of the potential releases
and risks may be expected.) Therefore, the RPM
is encouraged to consider all qualified sources of
technical information when selecting a radiation
remedial technology based on site-specific
conditions.

Potential rejeases of muixed radicacuve and
nonradioactive hazardous substances are not
covered in this appendix due to the {imited number
of technologies currently available, and the
complexities involved in identifving release
pathways and mechanisms. Because releases of
mixed waste contaminants will warrant additional
risk evaluation and considerations, RPMs should
consult with a radiation protection specialist prior
to selecting a remedial design for these types of
sites.




EXHIBIT D-1

POTENTIAL RELEASES OF RADIOACTIVITY ASSOCIATED WITII
RADIATION REMEDIATION TECHNOLOGHIES

g L4
Fechnalogies

Alr

Water*

Other*

SO AND SLUDGE TECI

NOLOGIES

N.atural Anenuation
{Nontreatment Action)

o Porential cmissions of
radivaciive pacticolaes and
volanles

Continued migranon ol radionuoclides
1) l;n)nnd winer and lx)\\lhh‘ Leanspont
to surlace winer

External rikdianion exposure due 1o
gommur ety padionuctides m
sl

Sonl Facavanon,
Transport, and Olisie
Phisposal

s Resnspension ol radinactive
T parnealaes

o [nhanced emssions ol volahile

o nhanced runotl or leachme ol
rachonuchdes to surlace water o
ground winer

-

Seepage/runofi 1o sol

Fahanced external raelinhom
exposure ol workers during

radhonuchides excavation, handhng, stuppmy, and
disposal
' ’

o Ollste migeinon ol radinachivity
due 1y tramsport by contamumated
vehicles ar equipment

Soil Washing, Extraction, & Bloremedintion

Soil Washing with Water

o Iesuspension of radioactive soil
particles and enhanced
ennssions of volatite
radionuclides during handhng
and treatment

¢ Spills, leaching, andfor runoff of
residual radionuchides in washed sod
or in process winer

Arcomplaion of dissolved or
suspended gadionuclides in recycled
wilter/solvents

Enhimeed external rickiition
exposure from gannma emininy
radhonuchides m sonl

(Continued)




EXHIBIT D-1 (Continued)

POTENTIAL RELEASES OF RADIOACTIVITY ASSOCIATED WITH

RADIATION REMEDIATION TECHNOLOGIES

. Ld
Technologles

Alr

Whnater*

Other*

Soll Washing, Extrnction, &

Bloremediation (Continued)

Chemical Extraction

¢ Posential emissions of volatile
chemicals and radionctive
particulates and volatiles during
handling and treatment

Spills, leaching, andfor runoff of
residuat radionuclides in process
waler

Accumulation ol dissolved or
suspended radionuclides in recycled
watcrfsofvents

s Spills or Icakage of extrict with
high concentrations of radioictive
contaminants and solvents team
sforige tanks

Bioremedintion

® Arcol or {ugitive emissions of
radicdictive particulates and
valitiles

* Discharge ol process wialer
containing residu radioactivity

o lixternal rindintion exposure from
hiomass continning residual
gammi-emitting eadionuchdes

" o Inadvertent spills or leaching ol
o Fixhaust sick emissiuons of radionuchdces
incineraed biosorbants
containing ressdunl radicicnvity
Trimobilization
s Continucd cmissions of some ¢ | caching and horizontal nugration ol o Partial reduction o external

Capping

volanile radionuchdes alier
cappmg

radionuclides (0 ground water with
rain water inliltration

radiaiion expasure

{Continued)
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POTENTIAL RELEASES OF RADIOACTIVITY ASSOCIATIED

EXHIBIT D-1 (Continuned)

RADIATION REMEDIATION TECHNOLOGIES

Wit

. .
Fechnologles

Alr

Water*

Other*

In-sita Viteification

s Vokitihzation of certain
cadionuclides during treatment

& (racks or fissures in vitrified
mass may act ns conduoits for the
release of volatile radionuclides

Passible leaching and migrasnion of
radionuclides to geaaid water due 1o
soil pratrix destabidizaton

External radimon exposure i
rachiomy contanminated sods due (o
the buddap of tadon decay
products

GROUNI WATIER AND S

DRFACE WATER TECHNOLOGIES

Hatural Attenuanon
(Non-treamment Action)

¢ Potentiad buildup of volinile
radionuchides (eg, riddon) i
grovmtwater and muncipal
wilter distriboion sysiems

Continued transpon ol radhonuchdes
to the nguifer and possible discharge
o surliace waler

Poteatial deposition ol ridioactive
seduncats in sarface waner over
large arcas (cu, niver bisainy

filtration

s Jugitive emissions of volatile
radionuctides

Discharge of ellluent water continmmyg
dissolved radinacnve sohds

Porentind leaching of radionuchdes
from Iihver cakes or sludye

Farernat radistion CAPOSIe fronn
rinlivacnive cakes or sludoc

Giranular Achvated
Carbon Adsorption

¢ Potential stack emissions of
volatile radionuchdes upon
satnrnon or breakthrough

Dischiarge of treaned winer continning
restduit eadhoacnve conthimmation

'ossible release of radionuehdes due
to backNushing and/or regencration

Potentind external radudion
exposure duc 1o the sorpton and
buildup of gamniv-enmtny
racionuchdes

lom ixchinge

o Potennal Tor ol gassig of
volanie radioactiive decay
products feopy parem nodides
onresin colnns

ischarge of teeated water continnmy
residual radhoacnve ronimmatiom

Possible releise of radhionneindes dae
ta backlushing or regenecanon

Potential externad radtion
Cxpesure due W the brsdedigr o
prnune-crnti g radioncindes

(Conninucd)
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EXHIBIT D-1 (Continued)

POTENTIAL RELEASES OF RADIOACTIVITY ASSOCIATED WI'TH
RADIATION REMEDIATION TECHNOLOGIES

NOTES

* Source Tor radintion remedintion technalagics: US Eaviconmentil Protection Agency (EPA) 1990, Avsessiment of Technologies for the Remediation of

Radioactively Contaminated Superfund Sites. 1:PA/540/2-90/001.

* In gener, secparge ind leaching are more likely to allect ground water, but could also fead (o surface water comammation. Runolfl and discharge are
rcleases thit will maost likely contaminate surface watcr, but may also lead 1o ground-water contamination.

® Other relcases include treatment residuals requiring further remediation and/or special handling and disposil consideranons. External radiation expasure
due 10 the presence of gamma-emitting rndionuclides in treatment residues should also be considered as a potential human health exposure pathway, cven
though this pathway does not involve the physical release of radionuctides Into the environment. ‘The risk issessor should also consider other commnn
technologies used 10 remediate ground water and surtace water contaminated with radioactive substances, such as aeration, evaparation, distillation and

solvent extration, not included in Exhibits D-1 or D-2.
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EXTHBIT D-2

DEGRELE OF POTENTIAL SHORT- AND LONG-TERM RISKS ASSOCIATED WI'TH
RADIATION REMEDIATION TECIHNOLOGIIS

Patentiad for

Comments

. e
Fechnologies

Potentin! for

Short-term Risks

Fong-term Risks

SOIL AND SLUDGE TECHNOLOGIES

Ihgh

¢ ‘The No Action alteriative will nor meet the two NCP threshold eniterin (1)

High

protecyon of human heablth and environment, and (2) comphanee with ARA R

Niatural Attenuation
{Hon-treimmen
Actiom)

unless abated or mitgited

Soil Handling

None/l ow
onsite and 10 the general pubhc oltsite miy be moderine o hugh

Soil Pxcavidion,
Framsport, and Ollsite
Disposal

Moderime/lhgh

level of residual radioactivity reminting onsite

o Migranon and release ol gadioacnve contiomimanis would be expected to contnne

* Duaring excavation, the poteotil for shortaerm cadiahion isks to cemedil workens

¢ (Once the sovrce or sonrees of radioacivity has ar have been removed, the
patential for Jong-term risks should be minmyal or non-existent, dependag on the

Solt Washing, Extractic

m, & Minremedintion

I ow

* During excaviion and sarl wishig, the poteniial for short teom gadiatinn risks (o

Son Washing with
Waer

Muxlerate

term risks may be low o moderare

remedial workees onsite and 1o (he general pubilic ofisite nriy be moderine

¢ Depending on the fevel o residui rachoactivity reninmng, the potentob foe ooy

Chemical I'xtrction

Maoderate/Theh

1ow/Moderite

characteristics ot the (reated sond recycled back o miive senl

(Continued)

¢ Dunng excavition and chenueal eatraction, the potential for shord term cdation
tisks (o workees onsite and 1o the general public offsite may be maderie to high

* The porentid Jor kongaerm esks deped apan the chemeal and ol




DEGREE OF POT

CXHIBIT D-2 (Continued)

ENTIAL SHORT- AND LONG-TERM RISKS ASSOCIATED WITII
RADIATION REMEDIATION TECHNOLOGIIS

===
"otential for Potentin for
'I't-clmnlnglrs' Short-term lLong-term Comments
Risks CRisks
Soll Washing, Extenction, & Boremedintion (Continued)
horemedintion Muoderate Modcerate o Accidentat spillige of radioactivity from biotreatment solutions, otl-gassmg ol volatile
radionuclides, and elevated external radiation exposures miay contribute 1o the potenid for
maoderate short-term radiation risks
o | ong-term risks depend upon the chenncal and radiological characteristics of the treated
soil recycled back into native soil In generad, these risks should be fow 1o moderite
Immobillzntion
Capping Low/Moderate Moderate/tHigh ¢ Short-term radiation risks 10 workers and offsitc populations should be low 10 nyxlerate,
", provided that the source or sources of radioactivity arc not excavated belore capping
e Since the sources of radioactivily will be lelt in place, fong-term risks to haman health and
the environment may be moderate to high depending on the exient (o which the cap is
capable of preventing the migration of radionuchdes in the future
In-sitn Moderate/High Moderate ¢ Initially, both radiation and physical hazards contribute to the moderate to igh potentid
Vitriication for shori-term radiation risks posed by the use of this technology, primanty (o onsite
workers
L]

Since the stability and long-termy integrity of virified sods contiming cadioactive mier s
remim unverificd in the ficld at the present time, and since the buitdup of radon deciy
products in vitrified soils may increase external exposure ries with lime, porential fong
term rachition risks 10 the general public may he maderine 1o high

(Continued)




EXHIBET D-2 (Continued)

DEGREE OF POTENTIAL SHORT- AND LONG-TERM RISKS ASSOCIATED WI'TH
RADIATION REMEDIATION TECHNOLOGIES

. oo
Fechnologies

Potentinf for
Short-term
Risks

Pateatial for
Fong-term
fisks

Comments

GROUND WATER

AND SURVACE N

YATER TECTINDI

OGIES

Niterral Ihigh High ¢ ‘Ihe No Action alternative will not micet the two NCP threshold ertteria: (1) protection o)

Attenuation human health and environment, and (2) compliance with ARARs

(Non-treatment

Action) e Releases of radioactive contamimants 1o gromd water and surtace water would be
expecied to continue unless abated or mitigired

Filteation [.ow/Moderate I ow ¢ ‘The potential for short-term radiation sisks 1o workers and the pablic will depend on

number of factors, includimg: (1) the concentranons of radionuchdes m e grovnd o
simfiuce waters; (2) the clficicnoies of Ianon systems; () the breakthroush wme, and,
(4) the change-out or regencrimon cycle e In gencral, these potentiad osks are
expected oy be low 1o nuxlerine

o Ihie porential for fong-teem rsks will also depend onihe Faetors Tisted abave . B will
depend primasily on the concentration of radionuehdes i gronnd wiler ar surface waker
feminning 1o be treated (e, concentrations (and risks) may be expected 1o fall ob with
trearment) Potential nsks 1o the general public may be expected (o be low The himdiiag
imd disposal ol filier materials and sludges contaiming rindionuaclides My pose 1sks 10
workers if radioactivity concentranons exceed federal or state standarnds

{Cominued)
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EXHIBIT D-2 (Continued)

DEGREE OF POTENTIAL SHORT- AND LONG-TERM RISKS ASSOCIATED WITH
RADIATION REMEDIATION TECHNOLOGIIS

. .
Fechnologies

Potential for
Short-term
Risks

Potentinl for
Long-ferm
Risks

Comments

GROUND WATER

AND SURFACE WATER TECHNOL

0GIES

Giranutar
Activined Carbon
Adsorption

[ onv/Maxderate

| onv

e ‘[he buitdup of radon and radon progeny on activiied charcoat miy increase both
parentiad short- and fong-term risks ol external radiation exposures to workers
Regeneration of GAC nuy retease radionuchides that are not well sorbed  Disposit ol
spent GAC containing clevated concentrations of lead-210 Gind chemical contaminants)
may pose hondling problems Boddup ol cadon and other radionuchdes on GAC also
depends on: (1) the concentrations of richonuchdes in the ground or surlice walers; (2)
collection clhciencics; (3) GAC breakihrough time, and; (4) the chumge-out or
regencrmion cycle time

fon Lxchange

Low/Moderate

| ow

o Similar 10 the potential risks poscd by the treamment of radtonuchdes in ground witer and
surface waler vsing Hiltrmion of carbon absorption technigues, the potentkn for shorr- ind
long-term risks poscd by the collection of racdionclides on ion exchange resing depends
primarily on the radionuclide-speafic collection elficiency and witer concentrations  [n
general, these potential risks arty be low to moderate

* Source for radiation remediation technologies: 1S, Envitonmental Protection Agency (EPA). 19900 Assessment of Technologies for the Remedianon of
Radioactively Contaminated Superfund Sites. Office of Solid Wasie and Emergency Response.  1IPA/S3072.-90/001.




